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THE BRONCHIAL ARTERIES 
II. THEerR ROLE IN PULMONARY EMBOLISM AND INFARCTION 


F. Henry E.uis, Jr., M.D.,* JoHn H. Grinpiay, M.D.,** anp 
JESSE E. Epwarps, M.D.,*** RocHEster, MINN. 


T HAS long been assumed that the bronchial arterial circulation is essential 

for the nutrition of the normal lung. From an experimental study on dogs, 
however, we recently concluded that the bronchial arterial circulation is un- 
necessary for this purpose, and that pulmonary arterial blood is adequate for the 
nutrient requirements of the pulmonary parenchyma and the bronchial wall 
distal to the hilum. The bronchial arteries are known to dilate in response to 
pathologie conditions of the lung,?" and it would appear that these vessels play 
an important role in supplying the diseased lung with blood. This report is 
based on experiments carried out to investigate the role of the bronchial arteries 
in pulmonary embolism and infarction. 

Virchow: was the first to point out the marked dilatation of the bronchial 
arteries that occurs after the production of pulmonary embolism in experimental 
animals, and he concluded that this extensive collateral circulation prevents the 
lung from undergoing infarction. Since Virchow’s time, other investigators 
also have encountered dilated bronchial arteries, and, in certain instances, pre- 
capillary anastomoses between the pulmonary and bronchial arteries in the 
presence of chronic pulmonary embolism in experimental animals.®** These ob- 
servations have led to the conclusion that the bronchial arterial circulation pre- 
vents pulmonary infarction after bland embolism of the normal lung. Pre- 
sumably, occlusion of the bronchial arterial circulation to a pulmonary lobe 
might alter the response of that lobe to an embolus. If the bronchial arterial 
blood supply normally prevents infarction after bland embolism of the lung, one 
would expect infarction to occur in its absence. If some mechanism other than 
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a collateral bronehial arterial circulation can prevent infarction after bland 






pulmonary embolism, occlusion of the bronchial arteries should have no effect 


on the involved lung. 








EXPERIMENTAL PROCEDURES 





The experimental procedures on which this report is based have been di- 
vided into 3 groups. In each group mongrel dogs which weighed between 11 
and 14 kilograms were used. The bronchial arterial cireulation to the right 
apical lobe was occluded by a technique described in a previous article.’ Briefly, 
the technique consisted of the intra-arterial injection of a nonirritating plastic 
material (vinyl acetate) which becomes hard after injection and occludes the 
vessel and its branches, but does not traverse the capillaries. In that study 
it was shown that the bronchial arterial circulation to the right apical lobe of 
a dog’s Jung can be oecluded without causing the death of the animal. 











At the termination of each experiment, the animals were anesthetized and 





killed by exsanguination. Necropsy was performed as described in a previous 
communication.' The aorta was clamped at the level of the diaphragm, both 
axillary and both carotid arteries were ligated, and the trachea was clamped. 
One hundred eubie centimeters of a contrast medium consisting of 40 per cent 
of barium sulfate and 12.5 per cent of gelatin was injected into the ascending 
aorta. The contents of the thoracic cavity were removed, care being taken to 
prevent the escape of the suspension of barium sulfate and gelatin, and roent- 










genograms of the lungs were made. 

Group 1. Occlusion of the Bronchial Artery to the Right Apical Lobe and 
Subsequent Production of Pulmonary Embolism.—Eleven dogs were used fo 
the procedures in this group. Ten to 14 days after occlusion of the bronchial 
artery to the right apical lobe, pulmonary embolism was produced in the fol- 
lowing manner. After the animal had been anesthetized with ether, the right 
Sterile glass 













jugular vein was exposed, and a glass tube was inserted into it. 
beads with a diameter of from 2.8 to 3.3 mm. were suspended in physiologic salt 
solution and injected into the vein through the glass tube. The glass beads 
produced no local reaction in the tissues and could be visualized roentgeno- 
graphically. It was necessary to inject about 150 beads for some to lodge in 
the right apical lobe since the majority lodged in the eardiae and diaphragmatic 









lobes. 

All of the 11 dogs that were used for this group of experimental procedures 
showed evidence of varying degrees of dyspnea after the injection of the glass 
beads. Otherwise, they tolerated the injection well if they survived the immedi- 








ate postoperative period. 

One dog was killed on the second day after the injection of the beads, and 
2 were killed on the third day. In these 3 dogs the right apical lobes were 
entirely normal. One dog died of unknown causes on the third day after in- 
jection. Gross examination of the apical lobe of the right lung of this dog re 
vealed small zones of hemorrhage, and microscopic examination of these zones 
disclosed evidence of hemorrhage and inflammation. In all 4 of these dogs there 
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was evidence that blood from the systemic circulation had not reached the right 
apical lobe after occlusion of the bronchial arteries supplying the lobe. On 
gross and microscopic examination, the plastic material injected at the time of 
bronchial arterial occlusion could be seen filling the lumina of these arteries. 
Roentgenograms of the lungs made after the injection of a suspension of barium 
sulfate and gelatin into the aorta revealed no radiopaque medium in the right 
apical lobe of any of these dogs. The remaining lobes in all instances showed 
an occasional zone of hemorrhage and slight dilatation of the bronchial arteries. 

Five dogs were killed between 4 and 7 days after the injection of the glass 
beads. In 4 of the 5 dogs post-mortem roentgenograms of the lungs after the 
injection of a suspension of barium sulfate and gelatin into the aorta did not 
disclose any evidence of the radiopaque medium in the right apical lobe (Fig. 1, 
a). There were present in the other dog a few narrow bronchial arteries filled 
with radiopaque medium going to the right apical lobe. In all of these 5 dogs, 
the dilatation of the bronchial arteries of the remaining lobes was much more 
pronounced than it was in the 4 dogs which were killed or died 2 or 3 days 
after the injection of the glass beads. 

The right apical lobe was entirely normal in all of these 5 dogs. Without 
exception, gross examination of the other lobes of both lungs revealed zones 
of hemorrhage (Fig. 1, b). Microscopie examination of some of these zones 
disclosed intra-alveolar hemorrhage and edema (Fig. 2, a). In other zones, the 
histologic picture was characteristic of true hemorrhagic infarction (Fig. 2, b). 
In all of these 5 dogs, such zones of infaretion could be found in 1 or more of 
the eardiae and diaphragmatic lobes of both lungs. The emboli were far more 
numerous in these lobes than they were in the apical lobes. True infarcts, how- 
ever, were present in the left apical lobe in 3 of the dogs. 

Of the 2 remaining dogs which were used for the experimental procedures 
in this group, 1 was killed 11 days after the injection of the glass beads, and 
the other was killed on the sixteenth day. The right apical lobe of the first dog 
contained definite zones of hemorrhage and 1 infaret. Roentgenographie and 
gross and microscopic examination, however, disclosed a well-established col- 
lateral systemic circulation to the right apical lobe. In the second dog, the 
right apieal lobe was normal, and similar studies indicated that systemic blood 
had not reached the right apical lobe. In both dogs, many small zones of hemor- 
rhage were present in the remaining lobes. A yellowish brown discoloration, 
suggestive of old hemorrhage, and deposition of hemosiderin were evident in 
these zones. Microscopic examination disclosed healing of infarcts in some in- 
stances. Examination of these lobes revealed dilated bronchial arteries and 
precapillary anastomosis between the bronchial arteries and the pulmonary 
arterial system. 

Group 2. Occlusion of the Bronchial Artery to the Right Apical Lobe and 
Division of One or Both Branches of the Pulmonary Artery to the Same Lobe.— 
The results of the experimental procedures in Group 1 suggested that a col- 
lateral pulmonary arterial circulation rather than a collateral bronchial arterial 
circulation is responsible for preventing infarction in the presence of bland 
pulmonary embolism. In the absence of a bronchial arterial circulation one 
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Fig. 1,a.—Post-mortem roentgenogram, from in front, of a dog’s lungs 4 days after the 
injection of glass beads to preduce pulmonary embolism. The right apical lobe bronchial 
artery was occluded 2 weeks previous to injection of the glass beads. A suspension of barium 
sulfate and gelatin outlines the bronchial arterial circulation. The absence of this circulation 
in the right apical lobe is demonstrated. Bronchial arteries markedly dilated in the other 
lobes. b.—Gross specimen of dog’s lungs from in front. Experimental procedures as in dog 
whose lungs are illustrated in a. Pointer indicates lobe with occluded bronchial artery. 
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Number 2 


would expect infarction of a lobe to result if its main lobar pulmonary artery 
were divided. On the other hand, if a major branch of a lobar pulmonary 
artery were divided, the lobe would remain normal since it would be supplied 
by the remaining branches. The right apical lobe of the dog lends itself well 
to the following experimental procedures because it is supplied by 2 branches of 
the right pulmonary artery, and 1 of these branches can be divided without the 
necessity of intrapulmonary dissection with its accompanying complications. 


~ Pee 
“> WRy 


Pa 


Fig. 2.—Photomicrographs of pulmonary tissue from dogs subjected to the same experi- 
mental procedure as described in legend of Fig. 1,a. Sections from lobes with intact bronchial 
arterial circulation. a.—Moderate intra-alveolar hemorrhage and edema (hematoxylin and 
eosin 155); b.—hemorrhagic infarction (hematoxylin and eosin 125). 


In this way, one can accomplish experimentally what amounts to interruption 
of a major branch of a lobar pulmonary artery. Interruption of the entire 
pulmonary arterial circulation to the right apical lobe can be accomplished 
merely by dividing both of these branches. In this study the technique of inter- 
rupting the pulmonary arterial circulation to the right apical lobe consisted of 
dividing the vessels between silk ligatures. 

Four dogs were used for the procedures in this group. In 2 of these 
animals, the bronchial arterial circulation to the right apical lobe was occluded 
and at the same time the entire pulmonary arterial circulation to the same lobe 
was interrupted. In both of these dogs, marked changes occurred in the right 
apical lobe. One of these 2 dogs was killed on the fourth day after completion 
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of the operative procedure, and the other one on the fourteenth day. In the 
dog which was killed on the fourth day, the right apical lobe was discolored 
(Fig. 3, a) and had a foul odor. Microscopic examination disclosed infarction 
and gangrene (Fig. 3, b). In the second dog, collateral systemic arteries to 
the right apical lobe were present, and examination of the lobe disclosed early 
healing of extensive infarction. 

In the other 2 dogs, the bronchial arterial circulation to the right apical 
lobe was occluded, and, at the same time, one of the 2 lobar branches of the 
pulmonary artery to the same lobe was divided. When these animals were 
killed 7 and 14 days, respectively, after the operative procedure, examination 
did not disclose any change in the right apical lobe. A few collateral systemic 
vessels to the right apical lobe were evident in the animal which was killed 14 
days after the operative procedure. 

Group 3. Occlusion of the Bronchial Artery to the Right Apical Lobe, 
Production of Pulmonary Embolism, and Constriction of the Pulmonary Veins 
of Both Apical Lobes.—In the 11 dogs used for the experimental procedures in 
Group 1, infarcts did not occur in the right apical lobe after occlusion of its 
bronchial arterial circulation in the absence of collateral vessels to this lobe 
from the systemi¢ circulation. Although infarets frequently were present in 
the. cardiac and diaphragmatic lobes of both lungs, in which the bronchial 
arterial circulation was intact, only 3 infarets were noted in the left apical lobe 
in which this circulation was also intact. In analyzing the results of experi- 
mental procedures of this type, the right apical lobe should be compared with 
the left apical lobe and not with lower lobes in which emboli lodged in greater 
numbers and in which infarets were more likely to occur. It was desirable, 
therefore, to compare the 2 apical lobes, one with and one without a bronchial 
arterial circulation, under conditions that normally could be expected to result 
uniformly in infarction after pulmonary embolism had been produced. This 
would give information on how much, if at all, the bronchial circulation eon- 
tributes to the development of pulmonary infarction. Experimental evidence 
exists that pulmonary congestion favors the development of infarction after 
pulmonary embolism.’*" To produce pulmonary congestion of the right and 
left apical lobes, the pulmonary veins of these lobes were constricted after the 
intravenous injection of glass beads. Occlusion of the bronchial artery to the 
right apical lobe had been carried out 2 weeks previously in each ease. Pul- 
monary venous constriction was carried out through an incision in the fourth 
intercostal space with the dog anesthetized by ether administered under inter- 
mittent positive pressure through an intratracheal tube. The pulmonary veins 
of both apical lobes were ligated with linen over a ligature carrier so that a 
lumen of 2.5 mm. was maintained after the ligature carrier was removed. This 
procedure was carried out bilaterally immediately after the production of pul- 
monary embolism as described previously. 

The mortality following this combined procedure was high, as might be 
expected, and only 4 dogs lived for more than a few hours after the operation 
and were available for study at intervals of 4 to 10 days after the procedure. 
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Fig. 3,a.—Gross appearance of dog’s lungs from in front 4 days after occlusion of the 
bronchial and pulmonary circulations of the right apical lobe (pointer). This lobe was dis- 
c lored, foul-smelling, and necrotic. b.—Photomicrograph of right apical lobe illustrated in 
mu = gaaaieaae of tissue and distortion of normal cellular architecture (hematoxylin and 
eosin 20). 
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In each case, infarcts were present in both apical lobes, regardless of whethe: 
or not the bronchial arterial circulation had been occluded (Fig. 4). In 2 dogs. 
there was no evidence of a systemic circulation to the lobe which had been de- 
prived of its bronchial arterial circulation. In the remaining 2 dogs, a collateral! 
systemic blood supply to this lobe was beginning to develop, although it was 
negligible in comparison with the increased bronchial arterial circulation to the 
opposite lobe. 


Fig. 4,a.—Gross specimen of right and left apical lobes from in front. Two weeks after 
occlusion of the bronchial artery to the right apical lobe the veins from each of the lobes 
were constricted and pulmonary embolism produced. Each of the apical lobes shows evidence 
of infarction. b.—Photomicrograph of one of the infarcts illustrated in @ (hemotoxylin and 
eosin X125). 


It was impossible to detect any difference in the extent of infaretion in those 
lobes that had an intact bronchial arterial circulation and in those lobes that 
had been deprived of this circulation. 


COMMENT 


As previously stated, it is the opinion of many investigators** % *°?® that 
a eollateral circulation supplied by the bronchial arteries prevents infarction 
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in the normal lung after bland pulmonary embolism. Karsner and his co- 
workers,'* *° 2 however, concluded from their experiments that preservation 
of the circulation distal to an embolism is not due to the collateral bronchial 
arterial circulation as much as it is to the free anastomosis and early division 
into capillaries of the pulmonary artery. These conclusions, however, were 
based on experiments in which the bronchial arterial circulation was interrupted 
by ligation.!? This method has not proved successful in our hands or in the 
hands of other investigators. The results of our experiments in which bronchial 
arterial occlusion was accomplished by the intra-arterial injection of a plastic 
material indicate that, in the dog, the bronchial arterial circulation is not 
necessary for the prevention of pulmonary infarction after pulmonary embolism, 
for in no instance was pulmonary infarction encountered in lobes which were the 
site of pulmonary embolism, and were without a bronchial arterial circulation. 
These results substantiate the views of Karsner and his co-workers regarding 
the importance of pulmonary capillary anastomoses in preventing pulmonary 
infaretion after the induction of pulmonary embolism. 

Confirmatory evidence for this hypothesis is offered by the results of the 
experimental procedures in Group 2, in which all or part of the pulmonary 
arterial blood supply to a lobe deprived of its bronchial arterial circulation was 
interrupted. Gangrene of the lobe occurred when the entire pulmonary arterial 
blood supply was interrupted whereas, when 1 of the 2 pulmonary arterial 
branches supplying the lobe was interrupted, the remaining lobar branch of the 
pulmonary artery sufficed for the nutrient requirements of the lobe. 

The pulmonary arteries are end arteries, and no precapillary anastomoses 
exist® ?* 2°; therefore, for blood to reach the area distal to an embolus, it must 
do so through capillary anastomoses. Mathes and her co-workers® have shown 
that only fluid capable of passing through the pulmonary capillary bed will fill 
the area distal to a pulmonary embolus when injected into the pulmonary artery 
of a dog after death. By the intravenous injection of iodized oil into living 
dogs, Steinberg and Mundy’ demonstrated that, even in the presence of multiple 
emboli, the region distal to the embolus frequently can be visualized. These 
studies indicate that circulation can occur in the area distal to an embolus 
through an anastomosis in the pulmonary capillary bed. 

Most investigators** **** **-?° have been unable to produce pulmonary 
infaretion experimentally by bland pulmonary embolism alone. Conditions inter- 
fering with pulmonary arterial blood flow, such as pulmonary congestion,?2- 
pulmonary edema,’ or pleural effusion,’* must usually be present for infarction 
to develop. In the experimental procedures reported in this paper, true infarcts 
occasionally developed in lobes which maintained their bronchial arterial circu- 
lation and which contained multiple emboli. In the absence of true pulmonary 
infarets, lesions exhibiting edema, alveolar hemorrhage and leucocytic infiltra- 
tion corresponding to the ‘‘incomplete infarcts’’ described by Hampton and 
Castleman?? were encountered. The fact that true infarction followed bland 
embolism alone is in agreement with the findings of Steinberg and Mundy,’ who 
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demonstrated that, when sufficient emboli are present to produce complete ob- 
struction of the pulmonary arterial blood supply to a segment of pulmonary 
tissue, infarets occur. They believed that no factor other than embolism was 
necessary for the development of infarets. It must be realized, though, that 
in the presence of such a large number of emboli the pulmonary arterial cireu- 
lation is considerably impaired. 

The results of the experimental procedures reported in this paper suggest 
that the bronehial arterial circulation is the source of the hemorrhage that occurs 
after pulmonary embolism. No hemorrhage occurred in the absence of a 
bronchial arterial circulation except in 1 case in which infection was a complicat- 
ing factor. Furthermore, the hemorrhagic zones were not regularly encountered 
early, after production of pulmonary embolism when the bronchial arterial 
circulation was only slightly dilated; whereas, after four days, when this cireu- 
lation had become markedly dilated, zones of hemorrhage occurred regularly. 
Other workers® * have encountered approximately the same sequence of events 
regarding the onset of bronchial arterial dilatation after pulmonary embolism. 

The presence of hemorrhage into pulmonary tissue distal to an embolus 
ean be explained on the basis of a high-pressure system emptying into a low- 
pressure area which is already subject to vascular alterations by the presence 
of some ischemia due to the interference with normal pulmonary arterial blood 
flow. 

The zones of hemorrhage and edema that were observed in the absence 
of necrosis were typical of the so-called incomplete infarcts described by Hamp- 
ton and Castleman.?7 When true infarcts occurred, in which necrosis of tissue 
was also present, they appeared to be a further extension of the morbid process 
taking place in these incomplete infarcts. Since in the experimental procedures 
in Group 1 no such areas were encountered in lobes lacking a bronchial arterial 
circulation, while so-called incomplete infarets and true infarcts were present 
in the lobes with intact bronchial arteries, the evidence suggests that the intact 
and dilating bronchial arterial circulation may actually contribute to the de- 
velopment of infarets after pulmonary embolism. However, from the results 
of the experimental procedures in Group 3, in which the pulmonary vein was 
constricted, it is evident that the bronchial circulation is not necessary for the 
development of pulmonary infarction if sufficiently severe pulmonary circula- 
tory interference is present. 

In interpreting the results of these experimental procedures, it must be 
remembered that a systemic blood supply to the right apical lobe became re- 
established in certain instances. In only 1 instance, however, did it approach 
in size the bronchial arteries of the remaining lobes. The interpretation of 
results, then, although not as significant in these cases as it would have been if 
no systemic blood had been available to the lobe, is still valid. In the 1 animal! 
in which an extensive systemic blood supply did develop after occlusion of the 
bronehial artery to the apical lobe of the lung, zones of hemorrhage and a true 
infaret were present in this lobe. 
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Finally, if the bronchial arterial circulation produces zones of hemorrhage 
after pulmonary embolism, why do these not occur after obstruction of a main 
lobar pulmonary artery by ligation? Schlaepfer?* encountered a few zones of 
hemorrhage after such procedures in dogs, and they were situated in those 
regions in which a collateral blood supply through the bronchial artery had been 
established. Most authors® *°-*' have not observed such changes. When a lobar 
pulmonary artery is ligated, the precapillary anastomoses that develop between 
bronchial and pulmonary arteries transform the latter into a diverticulum of 
the bronchial artery.*t In this way, a large portion of the pulmonary arterial 
bed is open to the bronchial circulation, and the impact of the systemic arterial 
pressure is absorbed before the alveoli are reached. In the presence of an 
embolus, a low pressure is produced in a small area. The dilated bronchial 
arteries, through precapillary anastomoses with the pulmonary arteries, now 
find the main pulmonary arterial tree full of circulating blood and tend to pour 
blood into the area in which the pressure is lowest. The cushioning effect of the 
vast pulmonary arterial bed is not available and the systemie pressure of the 
bronchial arterial system is concentrated on the small low-pressure area distal to 
the embolus. Hence the stage is set for the development of a focus of intra- 
alveolar hemorrhage and edema. 


SUMMARY 


The prevailing opinion in the literature appears to be that the dilatation 
of the bronchial arteries that follows pulmonary embolism supports the nutrient 
requirements of the pulmonary tissue distal to an embolus. A series of experi- 
ments was carred out to determine whether or not the bronchial arteries play 
a role in pulmonary embolism and infarction. 

In 1 series of experiments, occlusion of the bronchial artery to the apical 
lobe of the lung was followed 2 weeks later by the production of pulmonary 
embolism. No pathologic changes were encountered after pulmonary embolism 
in lobes which had been deprived of their bronchial arterial circulation and in 
which a collateral systemic circulation had not developed. On the contrary, 
in lobes in which intact and dilated bronchial arteries were present after pul- 
monary embolism, zones of hemorrhage and edema resembling the incomplete 
infarets described by Hampton and Castleman*’ occurred, and, when sufficient 
emboli were present, true pulmonary infarcts were encountered. 

In another group of dogs, interruption of the entire pulmonary arterial 
blood flow to a lobe deprived of its bronchial arterial circulation was followed 
by gangrene of the lobe. When only one of the two pulmonary arterial branches 
to such a lobe was divided no detectable changes occurred. 

A final group of experiments demonstrated that infarction occurred in 
lobes containing emboli when pulmonary venous congestion was present, regard- 
less of the presence or absence of intact bronchial arterial circulation. 


CONCLUSIONS 


1. The nutrient requirements of pulmonary tissue distal to an embolus may 
be supported by the pulmonary arterial circulation through capillary anasto- 
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moses in the pulmonary eapillary bed. The bronchial arterial circulation is not 
necessary for this purpose. 

2. The hemorrhage that occurs into pulmonary tissue after pulmonary 
embolism may come from the bronchial arterial circulation. 

3. The bronchial arterial circulation may actually be a contributing factor 
to the development of pulmonary infarction after pulmonary embolism. 

4. The bronchial arterial circulation, however, is not necessary for the 
development of pulmonary infarction after pulmonary embolism, provided 
sufficiently severe pulmonary congestion is present. 
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INFLUENCE OF PosTURE Uron VoLUME FLOW 
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N A recent clinical study of the cardiac frontal area in a large group of pa- 

tients with traunatie arteriovenous fistulas of relatively short duration 
there was demonstrable evidence of enlargement of the heart in approximately 
half, and a measurable reduction in heart size was noted after operative ob- 
literation of the fistula in a comparable percentage. It was felt that this study 
permitted certain conclusions regarding factors important in bringing about 
increase in heart size in the presence of an arteriovenous fistula. For one thing, 
the rapidity of development and the degree of cardiac enlargement seemed 
definitely related to the size of the fistula and the size of the vessels involved. 
For another thing, there was a definite relationship between the duration of 
the fistula and the enlargement of the heart. Still another factor of real im- 
portance was the location of the fistula with respect to whether it was caudad 
or cephalad to the heart. Patients with fistulas in the pelvis and lower ex- 
tremities were much more prone to develop significant early increase in heart 
size than were patients with fistulas of the head, neck, shoulders, and arms. 
The present investigation was undertaken in the hope of throwing some light 
upon the explanation of this last interesting observation. 


























METHODS 


Healthy mongrel dogs were used. Large side-to-side femoral arteriovenous 
fistulas were created surgically. The blood flow studies were made from two 
to five weeks later. After the induction of anesthesia by the intravenous ad- 
ministration of pentobarbital sodium, 35 mg. per kilogram of body weight, the 
dogs were placed supine on a tilt table. This table was so constructed that its 
eenter served as the fulerum allowing for easy elevation of the head and lower- 
ing of the foot to an angle of 45 degrees or lowering of the head and elevation 
of the foot to the same angle. The dogs were placed in a position so that the 
heart was at the center of the table. 

The area of the fistula was carefully exposed without injury to the vessels. 
Following the intravenous administration of heparin, the proximal femoral vein 
was isolated and divided. The severed ends were cannulated and connected 
to a vertical rotary flow meter. The rotometer was fixed to the table in such 
a fashion that it would remain at the level of the fistula throughout the study. 
Continuous measurement of the mean arterial pressure was made with a mereury 
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inanometer attached to the carotid or the contralateral femoral artery or both, 
and in some instances, to the aortic arch by means of a plastic tube passed into 
it through the carotid artery. In four dogs venous pressure of the distal vena 
cava was measured with a water manometer. In certain animals, suitable 
apparatus was attached to the carotid cannula for withdrawal or introduction of 
blood in order to maintain a constant level of pressure. 

After blood pressure and blood flow through the proximal:-vein had become 
stabilized with the animal in the horizontal position, the table was tilted with 
the head either up or down. The level of blood pressure and the volume flow 
through the vein were recorded at frequent intervals. After pressure and 
volume flow had become stabilized, the table was returned to the horizontal 
position. In some instances the animal was left in cach position for ten 
minutes, in others for fiftecn minutes, but most commonly for twenty minutes. 
The table was then tilted in the opposite direction. Again after stabilization 
of blood pressure and volume flow through the proximal vein the table was 
returned to the horizontal position. Not infrequently, observations made in the 
various positions were repeated several times. In the case of two animals they 
were repeated after complete lumbar sympathetic denervation had been carried 
out on the side of the fistula, while in a third the only studies done were after 
sympathectomy. In another instance they were repeated after ligation of the 
vein distal to the site of the fistula. In those experiments in which an effort 
was made to keep the blood pressure constant, blood was withdrawn or infused 
intra-arterially, as was necessary. The rotometer was calibrated by passing 
heparinized dog’s blood through it at various measured rates of flow. 


RESULTS 


In the first part of the investigation the animals were studied after bilateral 
carotid sinus denervation but without other effort to maintain a constant blood 
pressure. Unfortunately, of seven animals studied, relatively constant blood 
pressure was maintained in only one. The others exhibited wide fluctuations 
of pressure. The pressure was generally noted to rise when the head was tilted 
down, and to fall when the head was elevated. In addition, the pressure tended 
to vary widely in any given position from one part of the experiment to an- 
other. Since volume flow through the fistula was obviously related to blood 
pressure, these studies were considered unsuitable for analysis, with the ex- 
ception of the observations made upon the one animal referred to. In the latter 
part of the study an effort was made to maintain the central aortie arch or 
carotid pressure at a constant level by withdrawal or reintroduction of blood 
intra-arterially. 

Alterations in the volume of blood flow through the proximal vein were 
rather similar in all the experiments. When the head was elevated there was a 
tendeney for an inerease in blood flow through the vein, and when the head of 
the animal was made dependent the volume of blood flow decreased (Table I). 
The magnitude of the volume flow through the fistula, and the amount of 
change in the volume flow with alteration of the animal’s position varied widely, 
depending at least in part upon the size of the animal, the size of the femoral 











182 FREEMAN, SHUMACKER, FINNERAN, AND RADIGAN Surgery 


- February, 1952 









vessels, the size of the fistula, and the height of the blood pressure. Maximal 
flow through the proximal vein ranged in six of the seven dogs from approxi- 
mately 300 to as much as 1,250 ¢.c. per minute. In the exceptional animal the 
volume flow was smaller. 












CHANGES IN BLoop FLOW THROUGH FEMORAL VEIN PROXIMAL TO ARTERIOVENOUS 
FISTULA WITH CHANGE IN POSITION OF ANIMAL* 


TABLE I. 

































CONSISTENCY OF INCREASE IN DECREASE IN 
NUMBER | MEAN CAROTID OR | FEMORAL BLOOD FEMORAL BLOOD 
OF AORTIC ARCH FLOW WITH HEAD| FLOW WITH HEAD | 
ANIMAL PRESSURE ELEVATED DEPENDENT REMARKS 
1 Excellent Yes Yes Fistula 1 em. long, one 








month old; carotid 
sinus denervated 
Excellent Yes Yes | Fistula 0.5 em. long, one 
month old; same flow 
changes after lumbar 
sympathectomy 

3 Good Yes Yes | Fistula one month old; 
same flow changes 
after lumbar sympa- 












bo 



























thectomy 
4 Good Yes Yes | Fistula 0.5 em. long, one 
month old 
5 Excellent No change Yes | Fistula 0.7 em. long, 
| weeks old 
Yes Yes | After ligation distal vein 
6 Excellent Yes Yes | 
7 Good No change Yes | Fistabe 0.7 em. long, 3 
| weeks old 
8 Fair Yes Yes | Fistula 0.6 em. long, one 








| month old; lumbar 
| sympathectomy 








*In all except the first animai, central carotid or aortic arch pressure was maintained at 
a nearly constant level by intra-arterial transfusion or withdrawal of blood. 










In Fig. 1 are charted the changes in volume flow with change in position 
in the ease of a large (18.2 kilograms) animal with a large fistula. The study 
was carried out after carotid sinus denervation and without intra-arterial trans- 
fusion. It will be noted that the carotid blood pressure remained fairly constant 
and at a rather high level. Volume of blood flow through the proximal vein 
ranged between 1,000 and 1,075 e.c. per minute in the horizontal position, rose 
abruptly to 1,250 ¢.c. per minute when the head was elevated, and after falling 
to 990 ¢.c. per minute in the horizontal position, fell still further to 800 c.c. 
when the head was lowered and the hind extremities elevated. The difference 
between the volume of blood flow with the head down and head up was very 
great. Indeed the values in the latter position were 56 per cent greater than 
in the former. After the study recorded in this figure was completed it was 
repeated with similar and only slightly less striking alterations. 

In Fig. 2 are charted data from a similar experiment performed upon a 
smaller animal (12.7 kilograms) with a smaller fistula and one in which the 
carotid blood pressure was maintained constantly at a mean pressure of about 
85 mm. of mereury. The changes were of the same sort, though the volume 
of blood flow through the proximal vein and the changes in it were of smaller 
magnitude than in the other animal. In the horizontal position the volume flow 
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was 250 ¢.e. per minute, with the head elevated it was 275 ¢.e. per minute, and 
with the hind limbs elevated it was 200 ¢.c. per minute. Again the difference in 
blood flow in these two positions was considerable, the former being 37.5 per cent 
greater than the latter. In this experiment in which the carotid pressure was 
kept constant it will be seen that the femoral pressure rose when the hind limbs 
were dependent, and fell when they were elevated. Similar changes were ob- 
served in six other animals in which such observations were made (Table IT). 
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Fig. 1.—Chart showing alterations in blood flow through the proximal vein with change of 
position of Dog 1. Mean carotid pressure remained relatively stable. 


Changes in the venous pressure of the distal vena cava also rose and fell 
with change in position. In the four dogs in which such observations were 
made the values were rather similar. The mean pressure in these animals was 
6 em. of water in the horizontal position, 18 em. when the head was elevated 
and the hind limbs dependent, and -4.5 em. in the reverse position. These 
changes are less than the changes in femoral arterial pressure, the mean extremes 
varying 22 em. of water, or 16.5 mm. of mereury, while similar values for ar- 
terial pressure varied about 33 mm. of mereury. The difference in values in 
the two dogs in which distal vena caval and femoral arterial pressures were 
made simultaneously were of the same order as these mean values. In these 
animals differences in arterial pressure in the head-up and head-down positions 











FREEMAN, SHUMACKER, FINNERAN, AND RADIGAN Surgery 


February, 1952 


184 






were 35 and 36 mm. of mereury respectively, while the differences in the venous 
pressures were 22 and 16 mm. of mercury respectively. 







In the case of the three dogs in which observations were made upon the 
volume flow through the proximal vein following homolateral sympathetic 







denervation, changes with alteration in position similar to those which occurred 
with intact innervation were noted. No significant change in volume of blood 
flow through the proximal vein was noted to follow sympathectomy in the ease 
of the two animals in which flow estimates were made immediately before and 
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Fig. 2.—Chart showing alterations in blood flow through the proximal vein and in femoral 
blood pressure with change of position of Dog. 2. Mean carotid pressure was kept at a constant 
level. 













TABLE IT. 





RELATIONSHIP OF FEMORAL AND CAROTID ARTERIAL PRESSURE TO 
CHANGE OF POSITION 














































NUMBER FEMORAL PRESSURE 
OF CAROTID HORIZONTAL HEAD HEAD 
ANIMAL PRESSURE POSITION ELEVATED DEPENDENT 
2 85 86 100 65 
4 150 150 114 
120 118 144 
5 142 138 151 115 


6 85 70 96 4] 
8 154 130 99 
9 142 139 151 115 
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113 112 125 110 


113 112 125 


100 
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after this procedure. In one, a slight increase in blood flow occurred, in the 
other no change. The flow through the vein increased in volume from 300 to 
425 ¢e.c. per minute immediately after ligation of the distal vein in Dog 5. 


DISCUSSION 


These studies demonstrate that the blood flow returned directly toward 
the heart though the proximal vein tends to be considerably greater when the 
fistula is below rather than above the level of the heart. They do not provide 
a conclusive answer as to why these differences in volume flow oceur. In other 
studies we have repeatedly shown that with the animal in the horizontal position, 
the pressure in the femoral vein, equal to arterial pressure at the point where 
it communicates with the fistula, rapidly decreases in a proximal direction and 
reaches normal values in the lower vena cava. In these studies, the few ob- 
servations made indicate that the differences in vena caval pressure with change 
in position are not as great as are the changes in femoral arterial pressure. 
Sinee the velocity of blood flow of a given liquid, and consequently the volume 
flow, is proportional to the pressure gradient, provided the cross-sectional area 
of the tube is constant, one might feel that these observed differences provide 
a possible explanation, and indeed, they may. We have no data, however, per- 
mitting us to evaluate other possible related factors such as the differences in 
foree required to move the column of vena caval blood upward against gravity 
or downward with gravity, or differences in the sucking action of inspiration 
with the animal in various positions. 

Even though the full and precise explanation is not at hand, the experi- 
ments reported do demonstrate without question that the volume flow of blood 
through the proximal vein is greater when the fistula is below heart level than 
when it is above. These experiments thus provide a satisfactory basis for the 
clinical observation that fistulas caudad to the heart tend to produce early 
significant cardiac enlargement much more readily than do fistulas situated 
cephalad to the heart, in view of the following considerations: The increase in 
cardiae output in cases of arteriovenous fistula is, as far as we know, directly 
related to the volume of blood shunted through the fistula directly back to the 
heart. The eardiae dilatation and hypertrophy which occur in eases of arterio- 
venous fistula are, as far as we know, directly the result of the increased work 
load of the heart. During all hours of the day except when the patient is 
recumbent, fistulas caudad to the heart are below, and those cephalad to the 


heart are elevated above, heart level. 
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THE USE OF TEMPORARY POLYTHENE SHUNTS TO PERMIT 
OCCLUSION, RESECTION, AND FROZEN HOMOLOGOUS GRAFT 
REPLACEMENT OF VITAL VESSEL SEGMENTS 


A LABORATORY AND CLINICAL STUDY 


Paut W. ScHAFER, M.D., AND CREIGHTON A. HArpIN, M.D., KANSAS City, KAN 


(From the Department of Surgery, University of Kansas School of Medicine) 


N°! infrequently operative therapy for a wide variety of diseases affecting 
vital blood vessels is either not considered feasible; or, if proposed, is re- 
jected as impracticable; or, if attempted, is abandoned as prolonged vessel oc- 
clusion or sacrifice is encountered. It is not our purpose to review the count- 
less ingenious experiments which attest the interest that has long centered on 
this challenge.’*° Instead we wish simply to report our experience with a method 
which, though imperfect, appears to have promise. 

Two observations form the basis for this experiment: first, the demonstrated 
practicability of homologous artery preservation and transplantation™'*; and, 
second, the unhurried, accurate procedures which are now regularly employed 
in isolated aortic segments of patients with aortic coarctation and its attendant 
collateral circulation.’*-??. In the absence of such a collateral circulation many 
patent vital arteries cannot be safely occluded long enough to permit careful 
dissection and grafting.**?> Thus it appeared that an artificial temporary 
arterial shunt must be emploved. 

Like Clatworthy and Vareo we have used Polythene tubing for this pur- 
pose.2° The exact dimensions of the shunt required to maintain adequate minute- 
volume flow and pressure will be the subject of another report. In general we 
have employed a shunt to artery ratio of approximately 1 to 7. The number of 
shunts and their length, of course, depend on the configuration of the vessels 
to be occluded. The Polythene tubing may be inserted into an artery in diverse 
ways; however, we have had best results with the following technique: First the 
tube is cut to proper length so that it curves well out of the operative field. The 
ends are then flanged by rotating the tube in an aleohol flame, after which the 
flange is manually molded in hot water so that it has the alignment and curva- 
ture of the vessel into which it is to be inserted. Two 000000 sutures are placed 
transversely in the presenting wall of the vesse! proximal and distal to the 
point chosen for insertion. A longitudinal stab incision is made in the vessel 
between the sutures, the flanged end of the shunt is inserted into the defect, the 
ligatures tied, and the tubing withdrawn until the flange engages the vessel 
wall. A clamp is placed on the tube during insertion. With the proximal end 
in place this clamp is released and the shunt is allowed to fill with blood. 
The distal end of the shunt is placed, after which the clamp is again removed. 


The vesse! then may be safely crossed-clamped for an indefinite period. 
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Prerequisite for this project has been the development of an artery bank. 
Dog vessels have been easily obtained from our kennel population. Human 
vessel procurement, however, poses such difficulties that at times the continua- 
tion of the entire project has been threatened. Some of these problems will be 
set forth in a subsequent report. As to strictly technical considerations we have 
proceeded as follows: With standard aseptic precautions the aorta and all of 
its branches are resected in one specimen from the heart through to and inelud- 
ing the external and internal iliac arteries. This specimen is then divided into 
several sections: (1) the ascending, transverse, and first part of the descending 
thoracic aorta with long lengths of the innominate, left common carotid, and 
subelavian arteries attached; (2) most of the remaining descending thoracic 
aorta; (3) the lower descending thoracic aorta and the upper abdominal aorta 
with the celiac axis and its branches and the superior mesenteric artery at- 
tached; (4) the remaining abdominal aorta with the renal and common iliae 
arteries attached; and (5) short lengths of smaller vessels such as the external 
iliae, internal iliac, femoral, subclavian, and carotid arteries, ete., which are 


packaged separately. These specimens are individually wrapped in saline-soaked 


gauze and are placed in stainless steel containers which are then immersed in a 


After quick freezing to —72° C. the 
They are made ready for 


mixture of ethyl ether and solid CO.. 
grafts are then stored in a deep freeze at —40° C. 
use by thawing in warm normal salt solution. 


Aortic GRAFT WITHOUT SHUNT 


TABLE I. 








TIME 
GRAFT 
PRE- 
FATE OF CONDITION | SERVED 
ANIMAL OF GRAFT |(IN DAYS) 


Died 30 
Died 50 
Died 2 
Died 18 
Died 30 
Died 30 
Died—dis- Good—small 35 
temper thrombus 
at proximal 
suture 
Good—small 
thrombus 
at proximal 
suture 
Excellent 


TIME 

AORTA 

CROSS- 

WEIGHT | CLAMPED 

(IN KG.) | (IN MIN.) 
11.7 28 
11.2 35 
9.0 29 
14.1 25 
11.2 32 
8.2 29 


16.8 3 


LENGTH 
OF LIFE 
AFTER 
OPERATION 


1 hr. 
10 hr. 
45 min. 

1 hr. 

2 hr. 

8 hr. 
19 days 


COMPLICA- 
TIONS 
Shock 
Shock 
Shock 
Shock 
Shock 
Shock 
Spastic 
paralysis 





Spastic 7 days Sacrificed 


paralysis 


Spastic 15 days Sacrificed 


paralysis 


None 
Spastic 
paralysis 
Spastic 
paralysis 
Snastic 
paralysis 


35 days 
20 days 


24 days 


30 days 


Sacrificed 
Sacrificed 


Sacrificed 


Sacrificed 





Excellent 
Excellent 


Excellent 


Excellent 





Our first observations (Table 1) concern 13 mongrel dogs which, without 
shunting, underwent cross-clamping, resection, and homologous graft replace- 
ment of the major part of the descending thoracic aorta. The aorta was ob- 
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structed in this series for 25 to 50 minutes, with an average of 32 minutes. Six 
animals died shortly after operation. One of the 7 surviving animals died ot! 
distemper 19 days after operation, and the remaining 6 were sacrificed at from 
7 to 35 days postoperatively. At autopsy 5 of these 7 survivors presented 
grafts in excellent condition, while 2 had probably insignificant small mura! 
thrombi at the proximal suture line. All but 1 of these 7 animals had a spastic 


paralysis of the hind quarters. 













TABLE II. AortTic GRAFT WITH SUUNT 











TIME | LENGTH | TIME 

AORTA INSIDE | OF LIFE GRAF 

CROSS- |DIAMETER|DIAMETER| AFTER PRE 
DOG | WEIGHT | CLAMPED |OF SHUNT | OF AORTA | OPERA- | FATE OF CONDITION SERVED 
NO. | (IN KG.) |(IN MIN.)|(IN MM.)]|(IN MM.)| TION ANIMAL OF GRAFT |(IN DAYS 
95 7.0 150 1.57 9 we DP, Pi nk ecwcn 50 








eardiae 
failure 











10 8.5 120 1.14 9 6 days Died— Infected 25 
hemor- graft— 
rhage B. coli 
50 10.0 50 1.57 11.5 45 days Sacrificed Good—small 20 
mural 
thrombus 
141 16.1 150 2.69 14 130 days Sacrificed Good—small 30 





mural 
thrombus 















12 6.4 45 1.14 85 60 days Sacrificed Excellent 12 
48 2 60 2.15 13.5 100 days Sacrificed Excellent 3d 
54 15.2 165 2.15 14 37 days Sacrificed Exeellent 55 
102 12.6 60 2.69 12 30 days Sacrificed Excellent 17 
112 15.4 150 2.69 14 150 days Living Excellent 7 
(aorto- 
gram ) 
90 15.8 180 2.15 12 210 days Living Excellent 37 





(aorto- 

gram ) 
114 8.8 105 1.14 10 200 days Living Excellent 4) 
(aorto- 
gram ) 











Kleven more mongrel dogs (Table IL) were subjected to the same operation 
except that here Polythene shunts such as described above were employed. The 
shunts varied in internal diameter from 1.14 to 2.69 mm., depending on the 
size of the aorta. The aorta was obstructed in this series for from 45 to 180 
minutes, with an average of 107 minutes. One dog died shortly after operation 
in what appeared to be ecardiae failure. One dog developed a Bacillus colt 
infection in the operative field and disrupted his graft on the sixth postopera- 
tive day. Six of the 9 survivors were sacrificed at from 30 to 130 days post- 
operatively. Four of these animals presented grafts in excellent condition while 
2 had small mural thrombi. The remaining 3 animals were alive and well from 
150 to 210 days after operation, and by aortography have been demonstrated 
to have grafts of normal ealiber. None of these animals presented evidence of 
neurologic disorder. The vessels used in these experiments were stored from 











5 to 55 days, with an average of 30 days. 
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These observations have encouraged us to attempt frozen homologous artery 
transplantation in 4 patients. In 3, shunts were employed. 


CASE 1 (51-1750).—J. M., a 53-year-old white man, was admitted to the Medical Center 
on Feb. 27, 1951, complaining of severe pain in the lower abdomen and back. These symp- 
toms had been progressive over a three-year period, during which the patient had sought 
relief by visiting several clinics, each time to be given a fatal prognosis on the basis of a 
diagnosis of arteriosclerotic aneurysm of the abdominal aorta. He had been bedridden since 
November, 1950. On physical examination a pulsating mass, 15 em. in diameter, was found 
to occupy the midline of the abdomen, centering just below the umbilicus. All of the peripheral 
vessels felt arteriosclerotic, and the retinal vessels presented A-V nicking and _ silver 
wiring. Dorsalis pedis pulses were present. Because of calcification, the aneurysm was 


clearly demonstrable on x-ray films of the abdomen (Fig. 1). Extensive vertebral erosion 
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Fig. 1 (Case 1).—Large calcified arteriosclerotic aneurysm of the abdominal aorta. Skeletal 


views showed marked erosion of vertebral bodies Le, Ls, La, and Ls. 


was also seen. On Mareh 2, 1951, under continuous spinal anesthesia, the aneurysm was 
It extended from 


exposed through a long transverse incision in the anterior abdominal wall. 
a point 2 em. below the renal arteries through and including the iliac bifureation, and 
measured 15 by 10 em. The vena cava was densely adherent to its right posterolateral wall. 
Two Polythene shunts, each 30 em. long and 1.67 mm. in diameter, were placed in the aorta 
at the level of the renal arteries. The distal ends were placed in the common iliac arteries 
(Fig. 2). The aorta and common iliac arteries were then cross-clamped for 83 minutes 
during which period the circulation was maintained via the Polythene shunts. During this 
interval the aneurysm was resected and a 15 em, segment of homologous aorta bearing common 
iliac arteries 2 em. long was sutured in place with continuous 000000 silk (Fig. 3). This graft 
had been stored for 12 days. Satisfactory iliac suture lines were obtained; however, the 
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Fig. 3. 


Fig. 2 (Case 1).—Appearance of aneurysm at operation. Two Polythene shunts are 
seen extending from the aorta proximal to the aneurysm to the common iliac arteries distal 
to their involvement by the aneurysm. 

Fig. 3 (Case 1).—Homograft in place. Aortic and iliac clamps have been released but 
shunts have not yet been removed. 
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proximal aortic line was worrisome from the beginning, since in this area calcified plaques 
had to be curetted away before the needle could be made to penetrate the wall. However, no 
leakage was noted at the conclusion of the operation after the clamps and the shunts had 
been removed. Dissection of the operative field did not suggest the presence of a collateral 
circulation of any significance, and gross inspection of the resected specimen revealed the 
eanalized thrombus to have a 2.5 em. bore (Fig. 4). The patient enjoyed an uneventful 
early postoperative course, had good dorsalis pedis pulses, no sensory or motor disturbances 
in the lower extremities, and no urinary or fecal incontinence. He was ambulatory on the 
fourteenth day and by the twentieth day was symptom free and planned to return home 
the following morning. That night he experienced sudden pain in the right leg, which 
became pale from the calf down. He was thought to have had thrombosis of the popliteal 
artery due to arteriosclerosis, or to have developed a mural thrombus in the graft area with 


Fig. 4 (Case 1).—A, Axial, and B, longitudinal sectional views of resected aneurysm showing 
the large bore of its canalized thrombus. 


embolization of the popliteal artery. In any event, after paravertebral blocks and anti- 
coagulant therapy the leg appeared much improved and optimism again prevailed. Un- 
fortunately, on the twenty-ninth postoperative day he died suddently of massive intra- 
abdominal hemorrhage. At autopsy the graft appeared to be in excellent condition, hemor- 
rhage having occurred through an area of curettage of the host aorta at the proximal suture 
line. Severe arteriosclerotic changes were seen in all of the remaining abdominal aorta but 
the arch and descending thoracic aorta were relatively free of disease. 


Comment.—We felt that our experience with this patient proved the ef- 
ficaey of Polythene shunts in maintaining adequate circulation during a pro- 
longed period of aortic occlusion, but that to have been successful our resection 
and graft replacement should have included the entire abdominal aorta with its 
celiae, superior mesenteric, and renal branches—a feasible procedure. 
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CASE 2 (51-25826).—A. B., a 61-year-old white man, was brought to the emergency roo 
of the Medical Center on May 18, 1951, one hour after blasting away the medial aspect of hi 
left upper arm in an unsuccessful suicide attempt with a shotgun. He was in profound shock 
due to exsanguination and required massive whole blood transfusion and oxygen therapy i: 
preparation for operation which was carried out under Pentothal Sodium, nitrous oxide-oxyge1 





Fig. 5. Fig. 6. 


Fig. 5 (Case 2).—Appearance of the area of injury 55 days after primary operation. 
} Fig. 6 (Case 2).—Retrograde arteriogram made on the fiftieth postoperative day. Th 
femoral artery homograft still maintains its large caliber. 


anesthesia, two and one-half hours after injury. The left forearm and hand were cold, pale, 
and pulseless. At operation he was seen to have lost a 15 by 10 em. area of skin, half of 
the triceps and biceps muscles, a 10 em. segment of brachial artery, and a 3 em. segment 
of median nerve. The ulnar and radial nerves were intact. All devitalized muscle was 
excised, the median nerve sutured, and a 10 em. homologous femoral artery graft sutured 
into the brachial artery defect. A femoral artery graft was employed since it was tlie 
The operative 


smallest vessel we had in the artery bank. It had been stored for 44 days. 
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field was covered with a 20 by 15 em. pedicle flap elevated from the chest wall. This flap 
was partially detached from the chest wall on the twentieth postoperative day, and its 
severance completed on the twenty-sixth day. Defatting and final revision were done on the 
thirty-first day (Fig. 5). Stellate block and anticoagulant therapy were employed during 
the first week following operation. The patient now had good radial and ulnar pulses with 
only his median nerve paralysis as a residue. He has been diagnosed as having involutional 
melancholia and is now undergoing shock therapy in our psychiatric division. By retrograde 
arteriography the graft appeared to be in excellent condition on his fiftieth postoperative day 


(Fig. 6). 


Fig. 7 (Case 3).—Large aneurysm of the ascending aorta with paralysis of the right dia- 
phragm. The right pleural space had by this time been aspirated free of blood. 


Comment.—The 44-day-old frozen graft used in this operation was twice 
as large as it should have been and was placed in a contaminated field, yet 
apparently has yielded a completely satisfactory result. A shunt was not em- 
ploved in this patient since it was felt that the ischemic tissues of the forearm 
and hand would tolerate this insult. If the patient had not reached the hospital 
so quickly, or if he had not been prepared for operation so promptly, a shunt 
would have been used, if necessary as part of his emergency management. 


CASE 3 (51-3444).—C. J., a 60-year-old Negro man, experienced rupture of a syphilitic 
aneurysm of the aortic arch into the right pleural space three weeks prior to his admission to the 
Medical Center. This had been managed by repeated thoracentesis and massive transfusion 
therapy by his local physician and at the Veterans Administration Hospital, Wadsworth, Kan., 
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Fig. 8. 





Fig. 9. 


aorta, 


Fig. 8 (Case 3).—Appearance of operative field after resection of the ascending 
arch, and upper descending aorta. In this view all vessels are cross-clamped and one large and 


three small shunts are functioning. The trachea and superior vena cava are seen in the 


depths of the wound. 
Fig. 9 (Case 3).—Homograft in place. All clamps have been released but shunts have 
not yet been removed. 
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from which institution he was transferred to the Medical Center. On physical examination 
he appeared to have only a moderate aortic regurgitation. The Kahn test was positive. 
X-ray examination of his chest revealed a calcified aneurysm of the ascending aorta measuring 
approximately 10 by 8 em. (Fig. 7). The right diaphragm was paralyzed. Bleeding from the 
aneurysm appeared to have stopped. On April 27, 1951, under Baird’s solution, nitrous 
oxide-oxygen anesthesia, his chest was opened through a transverse incision which extended into 
each axilla. This incision followed the line of the left third and right second intercostal 
spaces. The sternum was cut transversely and its proximal fragment split longitudinally. 
The pericardium was widely incised and the base of the heart together with the aorta and 
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Fig. 10 (Case 4).—Calcified arteriovenous aneurysm of the abdominal aorta and inferior vena 
cava. 


all of its branches exposed. The pulsating aneurysm occupied the distal ascending aorta 
and extended into the right side of the arch. The superior vena cava was firmly adherent 
to its right posterolateral wall. Four Polythene shunts, each 20 em. long, were placed in the 
aorta just distal to the aortic valve. Three of these, each 2.9 mm. in diameter, were con- 
nected to the innominate, left common carotid, and left subclavian arteries respectively. The 
fourth, measuring 9.52 mm. in diameter, was inserted into the descending thoracic aorta. 
Just after placement of these shunts, but before any cross-clamping had begun, the heart 
began to fibrillate, and in spite of all our efforts, which included the intravenous administra- 
tion of Pronestyl and procaine, manual massage, and electric shock, this rhythm persisted. 
The ascending aorta, the innominate, left common carotid, and left subclavian arteries, and 
the descending thoracic aorta were cross-clamped and transected; and most of the ascending 
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Fig. 12. 


Fig. 11 (Case 4).—Appearance of operative field showing the arteriovenous aneurysm 


between the tremendously dilated aorta and vena cava. One 2.15 mm. shunt has been placed 
in the aorta around the aneurysm. 


Fig. 12 (Case 4).—Homograft in place. Clamps and shunt have been removed. 
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aorta, the entire arch, and the upper descending aorta with all of the arch branches were 
then resected (Fig. 8). A 30-day-old frozen graft was then sutured into position and the 
clamps and shunts removed (Fig. 9). The duration of occlusion was 150 minutes. The 
patient’s fibrillation continued after operation and he finally died one hour postoperatively. 


Comment.—Techniecally this was the easiest of the 4 operations included in 
this report. We are still at a loss to explain the development of this vicious 
eardiae arrhythmia. Perhaps it relates to the operative procedure itself, or pos- 
sibly such a reaction should not have been surprising in view of the severe 
arteriosclerosis this 60-year-old syphilitic man presented. 


Fig. 13 (Case 4).—Retrograde aortogram made on the fiftieth postoperative day. The graft 
maintains its large caliber. 


CASE 4 (51-26054).—C. DeL., a 20-year-old white man, accidentally sustained a 22- 
caliber-gunshot wound of the abdomen three years before admission to the Medical Center. 
He had been explored at the time cf injury but the operation was abandoned as a large 
retroperitoneal hematoma was encountered. He had been rejected for military service in 
1950 when an x-ray film of his chest revealed that his heart was markedly enlarged. Physical 
examination revealed the presence of a pulsating mass, 5 cm. in diameter, in the midline of 
the abdomen just below the umbilicus. A thrill and harsh bruit were present in this area, 
and the latter was transmitted to almost all parts of the body, being clearly audible on 
auscultation of the skull or at the base of the spine. The blood pressure obtained in his right 
arm was 155/40 mm. Hg. A positive Branham’s sign could be elicited as pressure was 
exerted on the abdominal mass. X-ray films of the abdomen revealed the mass to be calcified 
(Fig. 10). A diagnosis of arteriovenous aneurysm with large bore communication between 
the abdominal aorta and inferior vena cava was made. On June 8, 1951, under continuous 
spinal anesthesia, the abdomen was explored through a transverse incision, The aneurysm, 
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measuring 5 cm. in diameter, was found to involve the aortic wall from a point 5 em. distal 
to the renal arteries to within 1 cm. of the aortic bifurcation. A Polythene shunt, 15 em 
long and 2.15 mm. in diameter, was inserted into the aorta above and below these points 
(Fig. 11). The inferior vena cava was partially occluded with a large Potts clamp, and the 
aorta was clamped above and below the aneurysm, which was then resected together with 
10 em. segment of aorta. The resultant defect in the vena cava was simply closed with a 
continuous suture of 000000 silk. A 50-day-old frozen homologous aortic graft was sutured 
into the defect in the aorta. Clamps and shunts were removed (Fig. 12). Postoperatively, 
the patient was placed on anticoagulant therapy but this was discontinued after four days 
because so much oozing of blood had occurred into the operative field. On the seventh post 
operative day the abdomen was reopened and this large hematoma extracted. The graft at 
this time appeared to be in excellent condition and the suture lines were dry. Anticoagulant 
therapy was not begun again and no further bleeding occurred. Aside from mild transient 
edema of the feet and ankles, due apparently to partial caval obstruction at operation, no 
other untoward complications followed. The patient experienced early, marked reduction in 
heart size. On the fiftieth day after operation, a catheter was threaded up the aorta fron 
the right femoral artery and the aortogram made by this technique revealed the graft to bh 
of excellent caliber (Fig. 13). 


Comment.—This patient appears to have had an excellent result marred 
only by bleeding as the result of anticoagulant therapy. We plan not to sub- 
ject subsequent patients to this hazard. 


SUMMARY 


In both human beings and dogs it appears feasible to maintain adequate 
circulation via Polythene shunts during temporary occlusion of the aorta, thus 
permitting homologous graft replacement of resected aortic segments. Though 
not necessarily best for this purpose, frozen grafts appear to have yielded satis- 
factory results. This technique should be applicable to the management of a 
wide variety of diseases affecting vital vessels. We have listed our fai‘ures and 
successes with the method. 

REFERENCES 


1. Carrel, A.: Permanent Intubation of the Thoracic Aorta, J. Exper. Med. 16: 17, 1924. 

2. Blakemore, A. H., and Lord, J. W.: A Non-suture Method of Blood Vessel Anastomosis, 
Ann, Surg. 121: 435, 1945. 

3. Hufnagel, C. A.: Permanent Intubation of the Thoracic Aorta, Arch. Surg. 54: 

4. DeCamp, P. T., Spencer, R., and Overstreet, J. W.: Experimental Studies in 
Homologous Arterial Grafting Utilizing an Intra-arterial Shunt, Surgical Forum, 
Proc. Thirty-sixth Clin. Cong. A.C.S., 1950, Philadelphia, 1951, W. B. Saunders 
Company, p. 282. 

5. Smith, S.: A Soluble Rod as an Aid to Vascular Surgery, Arch Surg. 41: 1004, 1940. 

6. Shumacker, H. B., Jr.: The Problem of Maintaining the Continuity of the Artery in 
the Surgery of Aneurysms and Arterio-venous Fistulae, Ann. Surg. 127: 207, 1948. 

7. Guthrie, C. C.: End Results of Arteria! Restitution With Devitalized Tissue, J. A. M. A. 
73: 186, 1919. 

8. Levin, [I., and Larhin, J. H.: Transplantation of Devitalized Arterial Segments, Proc. 
Soc. Exper. Biol. & Med. 5: 109, 1907-1908. 

9. Carrel, A.: Latent Life of Arteries, J. Exper. Med. 12: 460, 1910. 

10. Carrel, A.: Heterotransplantation of Blood Vessels Preserved in Cold Storage, J. Exper. 
Med. 9: 226, 1907. 

11. Shumacker, H. B., Jr., Freeman, L. W., Wayson, E. E., and Stahl, H. H.: 
Vascular Repair, The Yale J. Biol. & Med. 23: 81, 1950. 

12. Deterling, R. A., Jr., Coleman, C. C., and Parshley, M. S.: Experimental Studies of the 

Frozen Homologous Aortic Graft, SuRGERY 29: 419, 1951. 

13. Easteott, H. G., and Hufnagel, C. A.: Preservation of Arterial Grafts by Freezing. 
Surgical Forum, Proc. Thirty-sixth Clin. Cong., A.C.S., 1950, Philadelphia, 1951, W. B 
Saunders Company, p. 269. 


382, 1947. 
Delayed 


Studies in 














Volume 31 USE OF TEMPORARY POLYTHENE SHUNTS 199 


Number 2 


14. 


15. 


16. 


Peirce, E. C., Gross, R. E., Bill, A. H., and Merrill, K.: Tissue Culture Evaluation of 
the Viability of Blood Vessels Stored by Refrigeration, Ann. Surg. 129: 333, 1949. 

Gross, R. E., Bill, A. H., Jr., and Peirce, E. C., If: Methods for Preservation and 
Transplantation of Arterial Grafts, Surg., Gynec. & Obst. 88: 689, 1949. 

Swan, H., Robertson, H. T., and Johnson, M. E.: Arterial Homografts. I. The Fate of 
Preserved Aortic Grafts in the Dog, Surg., Gynec. & Obst. 90: 568, 1950. 


. Swan, H., Maashe, C., Johnson, M., and Grover, R.: Arterial Homografts. II. Resection 


of Thoracic Aortic Aneurysm Using a Stored Arterial Transplant, Arch. Surg. 61: 
732, 1950. 

Swan, H., and Morfit, H. M.: Arterial Homografts. III. Use of Preserved Grafts in 
the Treatment of Neoplastic Disease Involving Peripheral Arteries, Arch, Surg. 62: 


767, 1951. 


. Crafoord, C. G., Ejrup, B., and Gladnikoff, H. H.: Cearctation of Aorta, Thorax 2: 


121, 1947. 


. Gross, R. E., and Hufnagel, C. A.: Coarctation of Aorta. New England J. Med. 233: 


287, 1945. 


. Blalock, A., and Park, E. A.: The Surgical Treatment of Experimental Coarctation 


(Atresia) of the Aorta, Ann. Surg. 119: 445, 1944. 

Bing, R. J., Handelsman, J. C., Campbell, J. A., Griswold, H. E., and Blalock, A.: The 
Surgical Treatment and the Physiopathology of Coarctation of the Aorta, Ann. 
Surg. 128: 803, 1948. 

Mann, F. C., Herrick, J. F., Essex, H. E., and Blades, E. J.: Effects on Blood Flow of 
Decreasing Lumen of Blood Vessels, SURGERY 4: 249, 1938, 

Shorr, E., Zweifach, B. W., and Furchgott, R. F.: On the Occurrence, Sites and Modes 
of Origin and Destruction of Principles Affecting the Compensating Vascular 
Mechanisms in Experimental Shock, Science 102: 489, 1945. 

Frank, H. A., Seligman, A. M., and Fine, J.: On the Specifie Role of the Liver in 
Hemorrhagie Shock, Ann. Surg. 126: 1002, 1947. 


3. Clatworthy, H. W., and Vareo, R. L.: A Small Bore Polythene Shunt to Prevent 


Mechanical Shock After Prolonged Cross-clamping of the Thoracie Aorta, Proce. Soe. 
Exper. Biol. & Med. 74: 454, 1950. 








A NEW INJECTION DEVICE FOR ANGIOGRAPHY 


LEONARD D. ROSENMAN, M.D., Feuix L. Peart, M.D., AND CHARLES CALVERT, B.S. 
SAN FRANCISCO, CALIF. 


(From the Mount Zion Hospital, Harold Brunn Institute for Cardiovascular Research) 


HIS report is a description of a simple device, suitable for all forms o| 

angiography, which enables the user to vary and control the amount, rate, 
and foree of injections of contrast material; and which controls the switch of 
the x-ray machine. If desired, that control can be extended to the operation 
of a eassette changer. It lends itself to aseptic technique. Its design permits 
further adaptation to control by electric impulses, such as those of cardiac 
origin. The latter has been omitted from the present model. 

During studies of experimental coronary artery occlusion by means 0 
eoronary angiography (Pearl and associates) it became apparent that more 
precision was necessary than that obtained by usual manual methods of in- 
jecting the contrast medium, and timing the injection of the contrast mate- 
rial. The manual techniques often are successful, but the successes are spo- 
racdie, and the factors are not measurable. The variations in the rate and the 
foreefulness of injection by hand are not easily controlled, especially when 
the volume of the contrast material is small. Furthermore, the rate of injec- 
tion and the timing of the roentgenogram is a most particular problem in 
coronary arteriography where the interval of one or two heart beats must in- 
clude both the injection and the exposure. Another undesirable element of 
the manual method is the danger from broken syringes in the hands of the 


injector. 

The accompanying photographs illustrate the features of the apparatus. 
It is a eylindrieal metal shell which houses a Robb type Luer-Lok glass syringe, 
and a compression chamber, which is fed by a tank of nitrogen gas. This 
was developed from the devices of dos Santos, Nelson, Doss, and Farifias. It 
has the added safety factor of metal stops which permit the injection of any 
desired amount of contrast material. Further safety is obtained by fitting 
the plunger of the compression chamber to the plunger of the syringe in such 
a way that the latter cannot reach the bottom of the syringe barrel (lacking 
5 ml. in the 20 ml. syringe, and 10 ml. in the 50 ml. syringe). Although this 
wastes some of the contrast medium, the shattering of the syringe by abutment 
of piston against barrel is prevented. 

Double control is obtained by stopeocks at the ends of the cylinder. One 
three-way stopcock is attached to the distal end of the syringe. This is con- 
nected to a supply of heparinized isotonic solution, and to the intravascular 
eatheter. The latter opening may be used for filling the syringe with radio- 
paque solution for the angiogram. <A second stopcock is placed at the proxi- 
mal end where the compressed nitrogen enters the cylinder. By adjusting 
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Fig. 1.—The assembled injector. A, Three-way stopcock at syringe end. The Luer-Lok 
attachment fits the intravascular catheter. B, Tubing connected to pressure bottle containing 
heparinized solution. C, Microswitch on adjustable rod. Wire leads to relays that control 
the x-ray machine. D, Three-way stopcock at end of compression chamber. One opening is 
connected to a tank of compressed nitrogen. The other is an exhaust valve to release the 
piston when the injection is completed. 


m 8 i. 


Fig. 2.—The parts. The device is easily dismantled. The metallic outer cylinder is 
above. The compression piston may be removed from the chamber by unscrewing the cap at 
upper left. The syringes and their fittings are removed by unscrewing the cap at upper right. 
A, Metal stops that attach to the piston handle seen extending from the cylinder at upper left. 
These correspond to 5, 10, and 20 ml. graduations on the 50 ml. syringe. B, 20 ml. syringe 
and adaptive fittings. C, 50 ml. syringe. The fittings for the plunger trips the microswitch. 
D, The fine wire on the under surface of the switch is touched by the fitting as it passes by 
during the injection. H, Three-way stopcock connecting syringe, intravascular catheter, and 
heparinized solution. 
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the metal stops, and fixing the pressure of the injection, the rate and th 
amount of the injection are controlled. The pressure system is adjusted by 
set of needle valves and manometers that are mounted around the top oj 
table. The system is connected to a tank of nitrogen gas whieh feeds the con 
pression chamber of the injector, and provides a force for a constant intr: 
vascular drip to keep the catheter clear of clots between injections of contras 
medium. The solution for the constant drip flows from a pressure bottle wit! 
a Murphy drip attachment. There is a blow-off path through an adjustab| 
column of mercury to prevent excessive pressures in the bottle, and excessiv: 
injection of fluid. This is of particular value when the room is darkened to 
permit the use of the fluoroscope, because the rate of the drip cannot then he 
observed, and a means of avoiding injecting too much fluid must be provided. 

This apparatus differs from other pressure injectors in its method of con- 
trolling the x-ray machine and cassette changer. A sensitive microswitch is 
attached to the outside of the device. This can be moved up and down the 
length of the cylinder. It is tripped by the plunger of the syringe as it passes 
by. Therefore, its position along the cylinder permits the taking of the roent- 
genogram after any desired amount of injection of radiopaque medium. 

The sequence of an angiogram is as follows: The intravascular catheter 
is placed where desired under fluoroscopic control. The slow drip of heparin- 
ized isotonie solution is adjusted to keep the catheter free of clots. The metal 
stops are placed to fix the amount of injection of contrast medium. The micro- 
switch is adjusted to be tripped at whatever phase of the injection it is desired 
to have the first roentgenogram taken, and the pressure to the compression 
chamber is set. The stopeock at the compression chamber entrance is opened. 
This permits the nitrogen to enter the compression chamber and drive against 
the leather and brass piston. However, the injection cannot occur until the 
distal stopeoek is turned, to shut off the drip of heparinized solution, and to 
open a path from the syringe into the catheter. When the distal stopeock is 
so turned, the radiopaque solution is swiftly injected, and the roentgenogram 
is made. Immediately following the injection the slow drip is restored by 
turning the stopeock to its original position. Succeeding angiograms may be 
made with the contrast medium that remains in the syringe, by readjusting the 
metal stops and the microswitch. If the syringe requires refilling, that can be 
done without interfering with the catheter or the drip. 

It is apparent that calibration of various factors (the pounds of pressure 
needed, the intravascular pressure, the resistance of variable lengths and diam- 
eters of catheters, the varying viscosity of the contrast media employed, and 
the different sizes of syringes set into the device) is a relatively simple matter. 
The viscosity, syringe, and length-of-eatheter factors are of minor importance. 
On the other hand, the intravascular pressure against which the injection must 
be made, and the lumen of the catheter are the important factors against which 
the pressure of injection must be calibrated. For instance, we have found that 
forty pounds per square inch of pressure in the compression chamber delivered 
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through a 50 ml. syringe will inject 5 ml. of 70 per cent Diodrast in about one 
second through an 80 em. woven silk catheter into the ascending aorta of a 
dog, where the systolic pressure is around 120 mm. Hg. 

The insertion of an electrically controlled valve into the outflow path 
would permit the control of the injection by electrocardiae impulses. This 
would extend the usefulness of the device beyond its present capacities, with- 
out changing its basic design. 

We wish to thank Miss B. Taylor, Mrs. C. Bland, Dr. R. H. Rosenman, Dr. B. Friedman, 


and Dr. L. Felton for their valuable assistance. 
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DOUBLE AORTIC ARCH 


I’, D. Dopritt, M.D., Derrorr, Micu. 


pete aortic arch is a congenital malformation in which both the right 
and left fourth branchial arches persist. Usually the right fourth primi- 
tive arch disappears during embryologic development, and the left persists to 
form the normal left-sided arch. This is situated in front of the trachea and 
esophagus. The left fourth arch also may disappear during development 
leaving the right arch as the definitive structure. It usually ascends on the 
right, passes posteriorly to the trachea and esophagus, and is continued down 
the left thorax as the descending aorta. There also may be rare instances in 
which the right areh passes in front of, rather than behind, the trachea and 
esophagus. 

When both the right and left primitive fourth arches persist, there de- 
velops a double structure, one limb of which passes anteriorly to the trachea 
and esophagus, the other passes posteriorly to these structures. They join 
distally and are continued downward as the descending aorta. The trachea and 
esophagus are, therefore, encircled by a ring of vascular tissue. 

Although the possible surgical significance had been pointed out previously 
by Sprague and associates,' Gross,? in 1945, was the first to divide one of these 
structures. Since that time Sweet, Findlay, and Reyersbach,* Gross and Ware,’ 
Potts and associates,° Bahnson and Blalock,® and others have reported surgical 
corrections of this anomaly. In addition to the double arch there are other 
types of constricting vascular lesions, such as the anomalous right subclavian 
artery which passes posteriorly to the esophagus to reach the right arm, and 
the right areh with a ductus arteriosus or its remnant, the ligamentum ar- 
teriosum, which holds the pulmonary artery against the trachea. This manu- 
seript deals only with the double arch. The double arch may be the only 
anomaly present or it may oceur in conjunction with other cardiac lesions. 
Bahnson and Blalock® reported double arches in patients with tetralogy ot 
Fallot, and I have encountered one such case. The double arch was not pro- 
ducing symptoms, but the posterior or small arch was divided because it was 
the origin of the left subclavian artery and dividing it added length to the 
artery. 

Griswold and Young“ reviewed the literature in 1949. They found forty- 
seven reported cases of double aortic arch up to that time, although there was 
some question as to the exact anomaly in some of these cases. Five patients had 
heen operated upon; two of these succumbed and three survived. Undoubtedly 
other patients have been operated upon and have not been reported in the 
literature to date. 

The iwo limbs of the arch compress the trachea and esophagus, and the 
symptoms produced therefrom are those of tracheal and esophageal obstruction. 
These consist of wheezing respiration, cough, dyspnea, and varying degrees of 
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Fig. 1.—Diagram of type of double arch in Case 1. 


Fiz. 2.—Tracheograms of first patient (A) before operation and (B) two weeks postoperatively. 
(B retouched. ) 
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tracheobroncho-pulmonary infection. The symptoms usually appear soon afte1 
birth and are markedly aggravated by the first respiratory infection, especial], 
in those patients with severe constrictions. Since the esophagus is partially 
obstructed, there may be dysphagia, and aspiration of food, especially in th« 
infant. The double aortic arch does not always produce symptoms, as it is 
sometimes found at necropsy in an older patient who has had no known symp 
toms of this anomaly. The degree of tracheal or esophageal constriction, rathe: 
than the mere presence of the double arch, determines the symptoms. 


Fig. 3.—Patient in Case 1, one year postoperatively. 


The diagnosis is not difficult to make, provided the anomaly is producing 
an appreciable constriction. The compression of the esophagus is readily seen 
with the barium swallow. The tracheal constriction may be seen in the lateral 
roentgenogram of the thorax, and can be visualized more plainly if a small 
amount of Lipiodol is injected into the trachea before the roentgenograms are 


made. Angiocardiograms do not seem warranted in the average patient. The 
tracheal narrowing is easily seen through the bronchoscope. 

The relief of the constricting symptoms is obtained by the division of one 
of the arches and the complete dissection of the vascular structures from the 
trachea and esophagus. Since the trachea of the young child is less rigid than 
that of the older patient, operation should be earried out as soon as feasible. 
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CASE REPORTS 


CasE 1.—An 8-month-old boy was first seen during the period of acute tracheobroncho- 
pulmonary suppuration. There were atelectasis of the right upper lobe, marked dyspnea, 
a loud tracheal rattle, and a fever of 103° F. This child had been in the hospital all his 
life except for about two weeks at home. Aside from the tracheobroncho-pulmonary 
pathology the child seemed normal. The heart was of normal size, there were no murmurs, 
and the electrocardiogram showed no abnormalities. The blood count showed a marked 
leucocytosis but was otherwise normal. There were no nodes in the neck, and the roent- 
genogram of the chest showed no masses that might be compressing the trachea. The 
aortic arch seemed to be present on the right side. Bronchoscopy showed a marked nar- 
rowing of the trachea just proximal to the bifurcation. Purulent secretions were bubbling 


Fig. 4.—Tracheograms of second patient sea’ — operation and (B) two weeks postopera- 
ively. 

up through the narrow lumen. These were aspirated and the bronchoscope could be passed 
readily through the narrowed area. ‘There were vigorous pulsations of the trachea at 
the point of narrowing. Purulent secretions were further aspirated from both main stem 
bronchi, especially the right. An attempt was made to clear up the infection before 
surgery was undertaken. However, this was not entirely possible, as the atelectasis per- 
sisted and the purulent tracheobronchitis still was present after one week of intensive 
medical treatment. The only hope of improving the patient seemed to be in the relief 
of the tracheal constriction. Operation was, therefore, carried out. 

A left posterolateral approach was made. After the thorax had been entered and 
the lung retracted anteriorly, the anterior limb of a double arch which was markedly con- 
strieting the trachea was visible through the mediastinal pleura. This is shown dia- 
grammatically in Fig. 1. The anterior structure was the smaller of the two and did not 
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give rise to any branches. It was ligated as near to the main arch as possible, and di- 
vided. As it was divided the ends were seen to spring apart about two centimeters. As 
the anterior arch was being dissected the condition of the patient became extremely poor. 
The anesthetist could not maintain the airway, the patient became very anoxic, and the 
heart slowed down, almost ceasing to beat. It was manually massaged while the anes 
thetist changed the intratracheal tube. He had used a soft rubber tube which was col 
lapsed by the constricting lesion. The constriction was apparently made worse by som 
shift of the mediastinum due to the thoracotomy. After a stiff noncollapsible tube had 
been passed down through the constricted area the airway was easily maintained, the 
heart immediately returned to normal action, and no further difficulties were encountered. 
The remaining arch and the ends of the divided arch were carefully dissected away from 
the trachea and eosphagus so as to leave these structures entirely free from the vascular 
ring. The lung was re-expanded and the chest wall closed. 

For a few days postoperatively there were some tracheal secretions which had to 
be aspirated. The patient, however, no longer had the tracheal rattle, and the respirations 
were essentially normal. The cough disappeared within a week of the operation. The 
temperature returned to normal three days postoperatively and remained so. The pa 
tient was discharged two weeks after operation and remained well. Fig. 2 shows tracheo 
grams made (a) before the operation and (b) two weeks afterward. This child is seen 
in Fig. 3 one year after operation. Up to that time there was only one slight respiratory 
infection which cleared up promptly. 


Case 2.—This girl was fourteen months of age when first seen. She had been in al 
most constant trouble throughout her life because of cough, a wheezing respiration which 
was noticed daily by the mother, and frequent respiratory infections. During the course 
of these infections she was always critically ill and several times it was thought she 
would not survive the acute attacks. There was extreme dyspnea present with the 
slightest respiratory infection. A moderate degree of cyanosis existed during the height 
of the infection. 

A preliminary bronchoscopy showed that the trachea was markedly narrowed just 
above the carina. There was a moderate amount of mucopurulent secretion present, at 
the site of the narrowing and below, in both bronchial trees. Pulsations of the trachea 
were unusually great. The child was treated conservatively for a few days both by the 
intramuscular and inhalation type of penicillin. Tracheograms made before and after the 
operation are shown in Fig. 4. A chest roentgenogram showed the lung to be clear. The 
aortic arch was present on the left side. The heart seemed normal by clinical examina 
tion, by electrocardiogram, and by x-ray examination. There were no masses in the 
thorax that might be constricting the trachea. 

Operation was performed, using a left posterolateral approach, and entering the 
thorax through the fourth intercostal space. During anesthesia a noncollapsible intra 
tracheal tube was used. Upon inspection of the aorta, it was seen that a normal left 
arch did exist, as well as a normal descending aorta. The branches of the aorta were 
normally placed and of normal size and the double structure was not apparent at first 
inspection. It was necessary to mobilize the distal portion of the arch and the upper 
descending aorta. This was accomplished by ligating two pairs of intercostal arteries and 
mobilizing the left subclavian artery and aorta downward for a distance of about two 
inches. The posterior aspect of the descending aorta had to be brought into view before 
the posterior limb of the double arch could be visualized. This is shown diagrammatically 
in Fig. 5. A photograph taken at the time of operation (Fig. 6) shows a curved hemostat 
around the posterior limb which passes posteriorly to the trachea and esophagus. The 
posterior arch was thoroughly dissected away from the esophagus and trachea, following 
which it was divided and the ends sutured with fine silk sutures. The normal anterior 
arch which was adherent to the trachea was also completely dissected away from it. 
Very firm perivascular tissue adhered these structures to each other. The aorta was 
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allowed to fall back in its normal position and the pleura was closed over it. The child 
developed a laryngeal edema twelve hours after the operation and required a tracheotomy. 
Aside from this complication, she made a speedy and uneventful recovery. Fig. 7 shows 
a photograph of this child two months after operation. The mother stated that there 
had been only one slight respiratory infection during this time and that this quickly 
cleared. There were no wheezing respirations to be heard and no cough was present. 
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Fig. 5.—Diagram of double arch in Case 2. 


DISCUSSION 


In the first patient a fatality nearly occurred because of the collapse of 
the trachea during the operation. Had it not been for the alertness of the anes- 
thetist* in changing the intratracheal tube from a soft to a hard type, death 
certainly would have occurred. The collapse of the trachea due to the vaseular 
structures may be further aggravated by mediastinal shift. Gross apparently 
encountered this during his first operation for this anomaly. It would seem 
wise, therefore, to intubate these patients with stiff intratracheal tubes so that 


*Dr. N. M. Bittrich. 
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Fig. 6.—Photograph at time of operation in Case 2, showing a curved hemostat around 
the posterior limb. This arises just below the level of the left subclavian artery, the origin 
of which is shown. Trachea and esophagus are seen constricted between the two arches. 
A ligated intercostal artery is seen on the descending aorta. 





Fig. 7.—Photograph of patient in Case 2, two months postoperatively. 
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the trachea cannot collapse at the point of constriction, although this does earry 
some risk of laryngeal edema and subsequent tracheotomy, especially in the 
young child. 

Upon exploring the arch, the surgeon should completely mobilize it if this 
is necessary in order to find the double structure, because the posterior limb 
may arise from the buried surface of the arch and may not be identifiable by 
palpation or inspection. Potts’ pointed out how he could have found the pos- 
terior limb in his first patient had he carried out this maneuver. Unsuccessful 
exploration for a constricting vascular ring is likely to result in the patient’s 
death. 

Although there may be some separation of the divided ends of the areh, 
the mere division of the structure may not be sufficient to completely remove 
the constriction from the trachea. This may account for the slow return of 
the trachea to normal in some of the reported cases. In both the cases reported 
here the lumen of the trachea returned to normal within two weeks and the re- 
lief of the symptoms was prompt. Both ends of the divided arch, as well as the 
remaining arch, should be as completely dissected away from the trachea as 
possible because the adherence of the vascular structure to the trachea may pre- 
vent its complete re-expansion. 

SUMMARY 


1. Two successful operations for double aortic arch are reported. 
2. Tracheograms before, and two weeks after, the operations showed the 
trachea to have returned to essential!y normal caliber in both patients. 
3. The relief of symptoms was prompt. 
4+. Emphasis is placed upon three points: 
(a) The use of a non-collapsible intratracheal tube during opera- 


tion. 
(b) The mobilization of the aorta, if necessary, in order to find 


the double structure. 
(ec) The complete dissection of the vascular ring from the trachea 


and esophagus. 
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AIR EMBOLISM IN OPERATIONS DONE IN THE SITTING POSITION 


- 


A Report oF FivE Fatau CASES AND ONE OF RESCUE BY A SIMPLE MANEUVER 


WaLuace B. Hampsy, M.D., anp Ricuarp N. Terry, M.D., Burra.o, N. Y. 


(From the Department of Neurological Surgery and of Anesthesiology, The Buffalo Gener 
Hospital and The University of Buffalo School of Medicine) 


EDICAL literature contains a considerable amount of information con 
cerning air embolism, but little pertaining to its occurrence during the 
course of operations done in the sitting position. Among neurosurgeons the 
topic has been discussed uneasily and some men have abandoned the position 
after a few unhappy experiences. Our anesthesiologists also have been actively 
eoneerned with the problem. 
CASE REPORTS 


CaSE 1 (No. 95-611).—On Feb. 26, 1936, a cordotomy was being done on a 43-year- 
old woman to relieve her of pain in the back and legs caused by extension of a carcinoma 
of the cervix. The patient had been anesthetized by the rectal instillation of tribromo- 
ethanol in amylene hydrate and was sitting in the chair regularly employed for surgery 
of the suboccipital and upper spinal areas. The laminas of the seventh cervical and first 
dorsal vertebrae had been resected and the dura had been exposed when suddenly the 
patient made three or four rapid, grasping respirations and ceased breathing. The anesthetist 
administered a mixture of oxygen and carbondioxide under pressure with a face mask 
and respirations began again, but irregularly. Believing the respiratory abnormality to 
be temporary, the anesthetist allowed the operation to proceed. The dura was incised 
vertically and breathing ceased. Artificial respiration was begun again and several stimu- 
lants were administered subcutaneously. The pulse was imperceptible. The wound was 
covered, the drapes removed, and the back of the chair was dropped to allow the patient to 
recline. Artificial respiration was continued, and adrenalin was injected into the heart, 
but to no avail; the patient was dead. Observers were struck by a peculiar marbled ap- 
pearance of the patient’s skin. 

At autopsy the jugular and larger thoracic veins were found to contain air bubbles. 
The right side of the heart was distended, and when it was opened the auricle and ven- 
tricle were found to be filled with frothy blood and a few blood clots. There was foamy 
blood in the pulmonary artery, the pulmonary vein, and a little in the left auricle. The 
left ventricle was empty; the foramen ovale was closed. The carcinoma of the cervix was 
found to have metastasized to the liver and to have extended into the bladder, the sciatic 
nerve, and the right iliac vein. Diagnosis was made of air embolism; its origin baffled us. 


CaSE 2 (No. 135-089).—Four years later, a colleague performed a high cervical cor- 
dotomy in the sitting position upon a 44-year-old woman to relieve the pain caused by the 
extension of a carcinoma of the breast into the axilla. All went well until the dura was 
being closed, when again the peculiar coughing, gasping respiration was heard and the 
anesthetist reported that the systolic blood pressure had fallen from 140 to 60 mm. of 
mercury. Intravenous fluid administration was speeded up; the blood pressure rose to 9 
mm., then became unobtainable. The wound was closed rapidly and the patient was low- 
ered to the supine position. Again the marbled skin was noticed. All attempts at resus 
citation were futile. Again the pathologist found the right side of the heart distended. 
When the right auricle was punctured in the pericardial sac, air bubbles streamed to the 
surface. When the heart was opened, the right auricle and ventricle were found to be filled 
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with foam that extended into the main stem of the pulmonary artery. There was no air 
in the jugular vein or the superior vena cava. In this case the foramen ovale was patent 
(1 by 0.5 em.) and there was a small amount of foam in the left auricle. The brain was 


found to be essentially normal. 


Naturally, we became greatly concerned over the mechanism of this catas- 
trophe. Only one other case (No. 103-752) of the air embolism had occurred 
in the Buffalo General Hospital; that had followed uterine dilatation and curet- 
tage and the insufflation of air to test the patency of the uterine tubes. It was 
decided that in our eases the sitting position favored the development of the 
emoblism through veins opened above the level of the heart. The advantages 
of the sitting position for this type of surgery were so great, however, that other 
methods were sought to prevent this complication without abandoning the posi- 
tion. The best solution appeared to lie in flooding the surgical field frequently 
with normal saline solution during the laminectomy, cauterizing the visible 
epidural veins, and waxing the raw bony edges. 

No similar complication occurred in the following seven years. Then, at 
the completion of a temporal, sensory, trigeminal rhizotomy (No. 187-707) in 
an elderly patient, the blood pressure fell and did not respond to stimulants. 
By the time the patient was lowered to the supine position, the heart had 
stopped. The clinical picture of air embolism was not recognized here, but 
was found at autopsy. The site of entry apparently was a pinhead-sized open- 
ing in a venous tributary to the cavernous sinus. Ten months later the castas- 
trophe occurred again at the termination of a cervical cordotomy (No. 193- 
583). 

Three months later a patient (No. 195-918) died shortly after he had been 
returned to his room following a vestibular rhizotomy. The respirations had 
become difficult at the end of the operation and the blood pressure had fallen 
to 60 mm. of mercury, although this had increased to 100 mm. before he was 
lowered to the supine position. Autopsy again showed the right side of the 
heart filled with foam. 

One of us (R. N. T.) found that Durant, Long, and Oppenheimer’ had 
reported that dogs placed in the left lateral position survived the intravenous 
injection of quantities of air grossly in excess of volumes lethal to animals 
placed in the dorsal or right lateral positions. Also, it was reported, animals 
allowed to develop evidence of marked ventricular failure while lying on the 
back frequently recovered when turned onto the left side. 


CASE REPORT 


CASE 3 (No. 222-402).—On Feb. 8, 1951, it became necessary to remove a cervical 
intervertebral dise protrusion in the case of a young mother who was the sole support of 
three small children. Despite its hazards, the sitting position was chosen for the operation 
and all known precautions were taken against the development of air embolism. Blood 
pressure was maintained carefully and the surgical field was flooded with normal saline 
solution frequently during the exposure of the affected nerve root. Nevertheless, as the 
almost freed nerve root was being displaced, the patient suddenly coughed, gasped, and 
ceased breathing. The surgical field became bloodless; the pulse and blood pressure were 
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imperceptible; on auscultation the heartbeat could not be heard. The wound was covered 
with a folded towel] held by the surgeon, the drapes were removed, and the chair wa: 
flattened out. The anesthetist reported the heart beating wih a rapid, gurgling, ‘‘ mill 
wheel’? murmur. While some assistants released the ties restraining the patient, several 
others hurriedly listened to the heart murmur, passing the stethoscope from hand to hand 
As one of them was fitting the ear pieces, the patient was turned on the left side; he re 
ported normal heart tones. Blood pressure rose at once to 110 mm. of mercury, the puls¢ 
became full and regular; respirations regained normal rate and volume. The operatior 
was completed with the patient prone. No postoperative complications developed and the 
patient returned to her home on the fourteenth postoperative day. 


DISCUSSION 


Martland,‘ commenting upon the surgical importance of air embolism, has 
distinguished the clinical features of air introduced into the venous system from 
those of air introduced into the arterial system. Arterial air embolism produces 
its effects by blocking either the coronary or the cerebral arteries. 

When a relatively large volume of air reaches the right auricle via the 
venous system, a cardiac tampon of foamed blood is produced. Because of its 
compressibility, this is difficult to express, so a considerable quantity of air re- 
mains in the ventricle after each systole. The right auricle and ventricle distend 
and pulmonary circulation is blocked. Death is due to interference with proper 
ventricular systole. In open-chest experiments, Durant and co-workers’ found 
that the right ventricle labors against the #struction of an air trap in its out- 
flow tract when position makes this the uppermost part of the right heart, as 
when the animal is on its back or right side. When the animal is turned on the 
left side, the outflow tract assumes a position inferior to the body of the right 
ventricle. The air trap disappears, presumably churned to a froth and mixed 
with blood in the right ventricle. The blood is propelled by ventricular contrac- 
tions into the pulmonary artery, thence into the lungs where it is excreted. 

Systemie (arterial) air embolism may complicate venous air embolism by 
passage through a patent foramen ovale. This passage may be closed physiologi- 
cally by the normally higher pressure in the left side of the heart. In the pres- 
ence of venous air embolism, right heart pressure may approach ten times the 
normal pressure due to air blockade of the pulmonary circuit. Sudden death 
may follow coronary occlusion or various neurologic complications may result 
from eerebral air-embolism. Air has been observed to pass the pulmonary eapil- 
lary bed by unexplained avenues where no patent foramen could be demonstrated 
at autopsy. Martland* listed the marbled appearance of the skin as a sign of 
arterial air embolism; this phenomenon was noticed in two of our five fatal cases. 
A patent foramen ovale was found in one of these patients, but not in the other. 
Air bubbles have been observed by ourselves and by other neurosurgeons in 
cerebellar arteries of patients operated upon in the sitting position. 

Study of our five fatal cases of air embolism suggests that the condition may 
manifest itself abruptly or may remain unrecognized until autopsy. In the 
latter instances only respiratory irregularities, a fall in blood pressure difficult 
to restore, and a feeble pulse may suggest the diagnosis. Our experience does 
not indicate whether the swishing, “mill-wheel” heart murmur is heard in. these 
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eases; it was identified only in our final case. It seems quite possible that the 
death of some patients shortly after being returned to their beds in “shock” 
may be the result of air embolism. 

The patients with abrupt manifestations of the accident display them with 
recognizable signs. The first warning is a deep inspiration, followed by a cough- 
ing exhalation, then a few ineffective attempts at breathing, succeeded by apnea. 
The previously satisfactory blood pressure reading falls to a low or unrecord- 
able level. The pulse becomes imperceptible. The cardiac sound is inaudible 
with the patient sitting, but when the patient is shifted to the supine position, 
the heart sound returns with a to-and-fro, swishing, “mill-wheel” murmur. 

In personal communications we have learned of two other victims of air 
embolism being rescued by this maneuver. Durant told us of “a young woman 
blood donor who developed air embolism because of a flask which had lost its 
vacuum. She recovered when turned into the left lateral position, but there is 
a possibility that she might have recovered under any circumstance, since the 
amount of air was apparently not very great.” Dr. W. E. Chamberlain reported 
a patient who developed air embolism during the performance of an adrenal 
gland aerogram. This patient also was rescued because of knowledge of the posi- 
tion recommended by Durant and his co-workers. 

Three other references have been found in the literature concerning patients 
rescued from the effects of air embolism. Stallworth and co-workers’ while per- 
forming a laparotomy, noticed the signs of air embolism. A 20 gauge lumbar 
puncture needle was introduced into the right ventricle, 15 ¢.c. of air were 
aspirated, and circulation recovered. Lembecke*® reported a recovery under 
similar cireumstaneces when the air embolism had occurred during hysterectomy. 
Fulcher? reported saving a patient by forcing 3 liters of saline solution into the 
vein under great pressure. The embolism had occurred during venoclysis in 
which air pressure was employed to facilitate the procedure. 


SUMMARY 


Five cases are reported in which fatal air embolism developed during the 
course of neurosurgical operations performed in the sitting position. 

Abrupt and delayed forms of the castastrophe have been found. 

In one ease, a simple postural method of resuscitation was found. The 
patient was immediately shifted into the left lateral position. 
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SIMULTANEOUS BILATERAL RADICAL NECK DISSECTION 
TotaL ABLATION OF BotH INTERNAL AND EXTERNAL JUGULAR VENOUS 
SYSTEMS AT ONE SITTING 
IT. Mason Morrtr, M.D..* 

DENVER, COLO. 


M UCH difference of opinion still exists among those responsible for treating 
head and neck cancer as to the various methods of treating the primary 
tumors located in this area. However, no such difference of opinion exists con- 
cerning the treatment of cervical metastases arising from these primary tumors. 
It has now been generally accepted by most radiologists and surgeons alilze that 
the method of choice in the treatment of cervical metastases is a radical neck 
dissection. By definition, the term ‘‘radical neck dissection’’ has now come to 
mean complete removal of all mobile structures in the neck with the exception 
of the carotid artery, vagus nerve, phrenic nerve, hypoglossal and lingual 
nerves; and hence the routine sacrifice of the internal jugular vein with all its 
tributaries, the sternocleidomastoid muscle, and the spinal accessory nerve to- 
gether with all lymphoid and adipose tissue is widely practiced. 

A glance at Fig. 1 will show the close relationship between the deep cervical! 
lvmphaties and the internal jugular vein. It is apparent from this close ana- 
tomie association that adequate removal of the deep cervical lymphatics ean best 
be accomplished by removing the internal jugular vein. The writings of the 
earlier workers in neck surgery reflect hesitancy and fear of the consequences 
of interrupting the continuity of the internal jugular vein. Presumably, this 
was with the idea that grave disturbances in intracranial pressure would result 
from such a procedure. However, this practice has now been accepted, and its 
safety has been proved repeatedly by the survival of literally hundreds of pa- 
tients. Accordingly, interruption of one internal jugular vein no longer troubles 
surgeons dealing with head and neck ecaneer. 

Only recently have the consequences of interruption of both internal jugular 
systems been more thoroughly explored. A survey of the literature reveals 
that a fair number of eases have now been reported in which bilateral neek dis- 
sections have been carried out. In the majority of instances, however, the second 
operation has been carried out at intervals varying from seven days to several 
months or years following the initial procedure. There are only a few scattered 
reports describing simultaneous interruption of these two systems.’ The as- 
sociated mortality rate was so prohibitive in these cases as to discourage further 
practice of this procedure. 

Received for publication, June 25, 1951. 
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*From the Bonfils Tumor Clinic and the Department of Surgery, University of Colorado, 
School of Medicine. 
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Vohowe a SIMULTANEOUS BILATERAL RADICAL NECK DISSECTION 
Number 
EARLY REPORTS OF SIMULTANEOUS BILATERAL INTERRUPTION OF BOTH 
INTERNAL JUGULAR VEINS 


In surveying the earlier writings on this particular subject it becomes evi- 
dent immediately that the cases under consideration may be broadly divided into 
two groups. The first group comprises those cases in which the internal jugular 
veins were ligated as an isolated surgical procedure. This usually was prac- 
ticed for cases of sinus thrombosis resulting from suppurative mastoiditis with 
the objective of preventing further extension of the septic thrombosis. In such 
cases as these the collateral circulatory bed may be considered to be practically 
undisturbed by such an operation. In the second group of cases, surgeons have 
employed more extensive operations, usually aimed at the control or eradication 
of cervical metastases or bilateral tuberculous adenitis. 


Fig. 1.—Diagrammatic representation of cervical lymphatics (after Martin). The lymph 
nodes in the neck occur with regularity at definite fixed locations. The close association of 
the deep nodes surrounding the internal jugular vein, thereby necessitating sacrifice of this 
structure in the course of the neck dissection for cancer, is clear. 


It is readily seen that the amount of tissue sacrificed in the course of these 
latter extensive operations is considerably greater, and as a consequence there 
is a correspondingly increased disturbance not only of the main venous channel 
(internal jugular veins) but also of a great many of the superficial collateral 
channels. Because of this basic fact, a detailed discussion of the cases in the 
first group will be omitted here since it is felt that they can hardly be said to 
constitute a valid comparison with our current problem. 

I am indebted to the excellent review by Evans’ of the earlier literature 
on this topic. J have been unable to find any earlier case of bilateral internal 
jugular vein interruption associated with a major surgical procedure in the 
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neck than that of Ewald.t| This surgeon, in 1900, resected both jugular veins 
during an extensive operation for cervical metastases. The report states that 
the patient died following this procedure without ever having regained conscious. 
ness. Ewald assumed that death was on the basis of a ‘‘ vasomotor disturbance. ’ 

Baldwin,” in 1902, reported a case of synchronous ligation of both interna! 
jugular veins in the course of removing tuberculous masses from the neck. This 
patient survived. It is possible that at least one explanation for the survival 
may be that the operative attack was considerably more limited than that usuall) 
earried out in the modern radical neck dissection. 

Max Dangel,* in 1905, again performed this operation in the course of an 
attempted removal of bilateral cervical metastases. This patient also survived. 

In 1909, Duval* reported three cases in which the internal jugular veins 
had been ligated but in only one of these cases was the ligation carried out 
simultaneously. This was the first case of simultaneous bilateral radical neck 
dissection and his graphie description may be quoted here: ‘‘Immediately fol- 
lowing the ligation of the second jugular vein the patient’s face became not 
only violet but black. This discoloration gradually extended down to the neck 
and soon the respirations ceased. Suddenly the patient had a profuse hemor- 
rhage from the mouth and throat of dark blackish blood. After this spon- 
taneous venesection the patient began to breathe again and his face became 
violet, then pink. It was then possible to complete the operation. Except for a 
slight facial violet tint lasting for two hours together with considerable parotid 
swelling for a day, the postoperative course was uneventful. Thirteen days 
later the lower maxilla, chin tissues and a part of the floor of the mouth were 
resected and the patient made a good recovery.’’ 

Somewhat chastened by this awesome experience in his first case, Duval 
decided to stage ligation of the veins, and in his second case an interval of six- 
teen days separated the two procedures. Despite this fact the patient died. 
Immediately prior to his death there was marked suffusion of the soft tissues 
and conjunctiva at which time the patient remarked that he did not feel well. 
He died within a few minutes after uttering this observation. The operations 
in the two preceding cases had been carried out for removal of cancer and this 
was the situation in the third case as well. An interval of one month elapsed 
between the two neck dissections in this ease. Death occurred on the third post- 
operative day having been preceded by cyanosis and swelling of the soft tissues 
with apparent increasing difficulty in respirations. 

The Quarterly Cumulative Index Medicus does not contain any reference 
which by title would indicate that this procedure has been carried out, or if 
so, that an account of it has been published over the period intervening between 
Duval’s cases and the present time. (Evans’ cases consisted of simple ligature 
of both internal jugulars to forestall spread of a septic thrombosis following 
suppurative mastoiditis.) Dr. Oliver Moore of the Head and Neck Service at 
Memorial Hospital, New York,* described five cases of simultaneous bilateral 
neck dissection done without a fatality. Sugarbaker,® at an earlier meeting 





*In a verbal report to the James Ewing Society in 1951, 
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(1950) of the same society, described methods of study of intracranial pressure 
changes following vein ligations which suggested certain counter measures which 
will be outlined under Operation and may prevent fatalities from this procedure. 


CASE REPORTS 

History—tThe patient was a 64-year-old white woman who entered the Bonfils Tumor 
Clinic on Dee. 18, 1950. At that time she gave a history of having had a squamous carcinoma 
of the lower lip treated by irradiation approximately two and one-half years previously. This 
primary lesion had been located in the midline of the vermilion border. There was an 
excellent response to the radiation therapy as evidenced by no recurrence following the con- 
clusion of the treatment. No effort had been made to follow the patient for possible recur- 
rences or metastatic spread to the cervical nodes, however. 

About six months prior to admission she first became aware of a swelling beneath the 
horizontal ramus of the right mandible. At this time she was having several teeth extracted 
and it was assumed by the patient and her dentist that this mass represented an inflammatory 
lymphadenitis. Accordingly, she was treated with penicillin but the mass continued to 
progress in size and became fluctuant. Because of this finding the assumption was then 
made that the swelling represented ‘‘a salivary cyst.’’ The fact that on repeated aspirations 
fluid was obtained from the mass with resultant decrease in size was interpreted as cor- 
roboration of this diagnosis. However, in a matter of a day or two following each aspiration 
the mass quickly filled up again and regained its previous size. About three weeks prior 
to admission to our clinic a similar mass appeared in the left submaxillary triangle. The 
dentist became alarmed at this and requested a medical consultation. The patient was 
referred to a physician* who again aspirated the mass but saved the contents and sent them 
to the laboratory where numerous cells of squamous carcinoma were seen in the sediment. 
The diagnosis of metastatic cervical cancer, secondary from a previously treated lip cancer, 
was then made and the patient referred to the Bonfils Tumor Clinie for further care. 

Examination.—The site of the primary tumor in the midline of the lower lip was 
indicated only by slight telangiectasia. There was no evidence of recurrence at this site. 
Centered in the region of the right submaxillary triangle there was a large cystic mass which 
appeared fixed to the mandible and measured 8 by 7 em. The mass in the left submaxillary 
triangle measured 5 by 5 em. but did not appear fixed to the mandible. X-ray examination 
_ of the right mandible failed to reveal any evidence of gross bone destruction (see Fig. 2). 

Impression.—Carcinoma of the lower lip, postirradiation, with bilateral cervical me- 
tastases. 

Recommendation.—Although the x-ray examination failed to reveal any gross evidence 
of bone destruction in the right horizontal mandible it was evident from clinical examination 
that this large mass was so closely associated with this structure that a portion of it would 
have to be sacrificed if a wide margin was to be attained. Our conclusions may be summed 
up by the following representative note taken from the chart: ‘‘My preference would be 
to do a combined neck and jaw resection on the right side first and give the patient a chance 
to recover from this procedure before taking care of the left side. However, I am afraid 
that if we wait another three weeks or more the mass on the left side will have grown to 
such proportions as to necessitate sacrifice of a portion of the left jaw as well. Accordingly, 
the patient is to be admitted for a combined neck and jaw resection on the right side followed 
at the same sitting with a left radical neck dissection.’’ 

Operation. —On Dee. 20, 1950, a right radical neck dissection together with a partial 
jaw resection was earried out, followed by a left radical neck dissection. Prior to operation 
« continuous spinal needle was placed into the fourth vertebral space as suggested by Sugar- 
baker and Wiley and manometric readings were recorded both preoperatively and during the 
operation. The changes in the cerebrospinal fluid dynamics are indicated in the chart 
(Fig. 3). It will be seen from this graph that no marked rise in the cerebrospinal fluid 


*Dr. Sidney Blandford. 
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pressure was attained until the interruption of the second jugular vein in the course of the 
neck dissection on the left side. At this time there was a rise to approximately 420 mm. 
of water. This represented the maximum rise at any time during or after the operative 
procedure. 

It is quite probable that the pressure would have risen to higher levels had it not been 
for the fact that each time an abnormal reading in the cerebrospinal fluid pressure was 
attained, this was countered by drawing off fluid through the continuous spinal needle. 
Enough fluid was drawn off each time to restore the cerebrospinal fluid pressure halfway 
back to the normal levels. The amount of fluid drawn off varied from 10 to 25 ¢.c. Within 
forty-eight hours after the operation repeated spinal taps were showing normal values, and 
accordingly no further efforts were made to drain off any more spinal fluid. The edema ot 


Fig. 2 (Case No. 30092).—Anteroposterior and lateral views taken preoperatively. Note 
the large masses centered in the region of the submaxillary triangles. Aspiration biopsy 
on both of these masses was re‘urned as positive for metastatic squamous carcinoma. 


the soft tissues of the pharynx and larynx was anticipated and to counteract this complication 
a tracheostomy was done as a part of the original operative procedure to insure that the 


patient had an adequate airway. The blood pressure did not vary significantly during tlie 
procedure (Fig. 4). 


Postoperative Course—Largely due to the administration of 1,500 ¢.c. of whole blood, 
the patient returned to the ward without ever having approached a shock level at any time 
during the operative procedure. She regained consciousness within three hours after her 
return to the ward and was able to get up and use a bedpan the same evening. The anticipated 
edema of the eyelids, pharynx, larynx, and all the soft tissues in the head and neck developed 
but there was never any compromise of the airway due to the previously constructed traclhie- 
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A diet containing adequate nutritional requirements was administered 
Due to the tremendous edema of the pharyngeal 


There was also extreme limitation of 


ostomy (Fig. 5). 
through an indwelling nasogastric catheter. 


thing except saliva for approximately seven days. 


presumably due to this marked edema. 


museles and the intrinsic musculature of the tongue the patient was unable to swallow any- 


motion of all muscles in this area (strap muscles, constrictors, intrinsic tongue muscles, ete. ) 
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Fig. 3 (Case No. 30092).—Concomitant changes in cerebrospinal fluid pressure. 
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metastatic squamous carcinoma. 


MM. HG 
(Case No. 
There was steady but gradual improvement in this status during the ensuing few weeks 
so that it was possible to remove the tracheostomy tube at the end of seventeen days although 





ncomitant changes 
The patient 


it was still necessary to continue nasogastric feedings for another two weeks. 


was discharged from the hospital on Jan. 31, 1951 (forty-two days postoperatively). 


Pathology Report.—The pathology examination confirmed the presence of bilateral 
However, despite the massive size of the large masses in 
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the submaxillary triangles, examination of the remainder of the nodes in the neck failed t 
reveal similar spread of disease. The tumor was seen to be invading the periosteum of thy 
resected portion of the right mandible but the bone structure itself was not touched by thi 
disease process. 

Follow-up Report.—The patient has returned to her daily activities and returns noy 
at monthly intervals for checkups. There has been almost complete subsidence of the facia 
edema and the patient is eating and talking quite normally. Headaches have been a nuisance 
to the patient if she subjects herself to heavy exercise. Under ordinary activities there i 
no such complaint present. The headaches are becoming less intense and of less frequen 
occurrence in recent weeks as the clinical evidences of restoration of collateral circulatio: 
through other channels has become increasingly apparent (Fig. 6). 





Fig. 5 (Case No. 30092).—Views of patient A, seven days, and B, fourteen days post- 
operative. Note the tremendous edema of the soft tissues. Complete obstruction of the 
airway and hypopharynx was countered by tracheostomy and a nasal feeding tube. 


DISCUSSION 


There will not be many instances in which such a procedure as has been 
outlined in this paper will be indicated. A patient suffering from head and 
neck cancer is more likely to present himself with a unilateral primary cancer 
with or without corresponding homolateral cervical metastases. The definitive 
efforts at therapy at this stage consist of attempts to eradicate the primary 
tumor with later or concomitant surgical attack on the cervical metastases. If 
such a patient develops metastases on the opposite side of the neck, it is more 
common to see this occur after an interval of time measured usually in terms of 
months. This interval between the time when the metastases are treated on 
the first side and when they subsequently develop on the opposite side usually 
serves to supply sufficient time so that adjustments via collateral pathways can 










be established. 
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Under most circumstances when the patient presents himself initially with 
bilateral cervical metastases, the chances are greatly in favor of the tumor being 
so extensive that achievement of permanent control is highly unlikely. Other 
possibilities that may explain the presence of bilateral cervical metastases would 
be the presence of a primary lesion in the nasopharynx or some similar situation 
where attempts at control by radiation therapy must be relied upon. In such 
cireumstanees, it is doubtful whether such an aggressive procedure as that 


deseribed here is wise. 


Fig. 6 (Case No. 30092).—View of patient three and one-half months postoperative. 
Marked subsidence of soft tissue edema with more complete healing and wider development 
and usage of collateral return channels. Patient now eating and speaking normally. 


Nevertheless, there will undoubtedly be selected cases from time to time in 
Which radical surgery has much to recommend it. Many lip cancers, for ex- 
wuple, occur in the midline and therefore metastasize to both sides of the neck. 
Of all forms of intraoral cancer, lip cancer carries the best prognosis and com- 
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pared to cancers of the tongue, tonsil, ete., it is a much less aggressive disease. 
Under such selected cireumstanees it is possible that cures may be attained by 
simultaneous bilateral neck dissections. It will be helpful to surgeons dealing 
with such problems to be familiar with the points discussed here. 

The reader is referred to any standard textbook of anatomy or to the spe- 
cifie study of Gius and Grier’ concerning the mechanics of venous circulation in 
the head and neck. It is apparent that although the internal jugular veins and 
the vertebral veins come to mind first as the main channels of blood return for th« 
brain, nevertheless, there are literally tens of other pathways that can be called 
into service in the*event of necessity. In general these pathways may be con- 
sidered to fall into three groups: (1) vertebral pathways, (2) the pathways 
traversing the internal soft tissues of the oropharynx, pharynx, ete., and (3) the 
pathways traversing via the scalp and thence through superficial cutaneous, sul- 
cutaneous, and preserved muscle groups (scalenus, spina!is cervicus and capitus 
trapezius, ete.). Again it is important to bear in mind the difference betwee: 
simple ligation of the internal jugular vein, as practiced by many older nose and 
throat men for suppurative septic thrombi of the sigmoid sinuses, and ligation 
of the internal jugular veins associated with marked interruption of col!atera| 
channels that comes with the execution of bilateral radical neck dissection. 


COMMENT 


It seems apparent from this case report as well as from experience with 
other operative procedures in the head and neck that the danger of immediate 
mortality following these radical procedures comes first of all from respiratory 
obstruction resulting from postoperative edema. This threat can be surmounted 
by the routine adjunct of a tracheostomy which will serve until the edema has 
subsided and exchange by the normal pathways can be resumed. 

In addition to this already established procedure we now endorse routine 
checks on the status of the cerebrospinal fluid pressures whenever an acute 
interruption of a large share of the venous bed is to be an inevitable part of the 
operative procedure. For practical purposes, the latter can be said to be almost 
entirely limited to those isolated instances when simultaneous bilateral neck 
dissections are planned, or when the interval between the two-stage procedures 
is of such short duration that doubt as to the efficacy of the collateral channels 
exists. 

SUMMARY 

Acute interruption of the venous return from the head and neck is well! 
tolerated by the patient if limited to one side. If it is necessary to produce 
acute interruption of these channels on both sides of the neck, certain complica- 
tions which may prove fatal should be anticipated. These consist primarily of 
increased intracranial pressure and edema of the soft tissues sufficient to pro- 
duce respiratory obstruction. 

Surgeons dealing with head and neck cancer will occasionally be confronted 
with a desperate situation where bilateral radical neck dissection at one sitting 
may afford the only possibility of cure. Provided the above complications of 
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increased intracranial pressure and respiratory obstruction are countered by 
repeated spinal taps and a routine tracheostomy, the patients will survive such 
operative attack. A case report is outlined illustrating these methods. 
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DISTURBANCE in protein metabolism indicated by an increased ex- 

eretion of nitrogen following operation has been noted by numerous 
writers.’ ? * * 22 At the present time there is no completely satisfactory ex- 
planation of this excessive nitrogen loss which occurs following major surgical 
procedures or trauma. In 1946, Man and co-workers”! noted that the plasma 
alpha amino acid nitrogen level fell abruptly after surgery and remained low 
until recovery was well advanced, even while nitrogen catabolism was greatly 
increased by the administration of high protein diets. They suggested that the 
lowered concentration of amino acid nitrogen in the plasma might indicate that 
the production of urea was so active in the liver that the tissues were deprived 
of the amino acids required for the production of protein. 

In view of these findings of Man and co-workers, a study has been made 
of the effect of surgery on the plasma levels of each of the individual essential 
amino acids in an effort to determine if a definite derangement in the me- 
tabolism of one or more of the essential amino acids (as indicated by abnormal 
plasma level) oeeurs in the eatabolie period following operation. Such evi- 
dence of impairment in the metabolism of specific essential amino acids dur- 
ing the postoperative period might aid in explaining the increased nitrogen 
loss which occurs following surgery. 




















REVIEW OF THE LITERATURE 







There have been no previous studies of the effect of surgery on the plasma 
levels of the individual essential amino acids. There have been only a ver) 
few studies of the effect of surgery on the level of plasma amino nitrogen. 
In 1936 Liirje’® reported an increase in plasma amino nitrogen following op- 
erations. In 1942, Farr and co-workers,’ on the other hand, reported a fall 
in plasma amino acid nitrogen following nitrous oxide and ether anesthesia 







and surgery. In nine children the concentration of amino acid nitrogen in 
plasma decreased on the average 0.38 mg. per 100 ml. following the induction 
of anesthesia, with a further decline averaging 0.46 mg. per 100 ml. during a 
surgical procedure. In five of the nine patients plasma amino acid con- 
centration was lower two hours after operation than at the conelusion of the 
operative procedure. 

As previously mentioned, Man and co-workers,*' in 1946, noted that plasma 
alpha amino acid nitrogen fell abruptly after surgery and remained low un- 
til recovery was well advanced, even while nitrogen catabolism was greatly 
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increased by the administration of high protein diets. In 1947, Man and co- 
workers”? also reported the effect of prefrontal lobotomy on seven schizophrenic 
patients. They again noted that the plasma alpha amino acid nitrogen dropped 
sharply one or two days after operation in the same manner that amino nitro- 
gen fell in nonschizophrenic patients after major operations. (It is to be noted 
that in both of these studies by Man and her co-workers the first postoperative 
samples of blood for study of the amino nitrogen plasma levels were not drawn 
until the first postoperative day.) 


METHODS 


The effect of surgery on the plasma levels of the individual essential 
(free) amino acids was studied in sixteen patients. The patients, with two 
exceptions, were considered to be in good nutritional status prior to the op- 
erative procedures. The operations ranged in magnitude from cholecystec- 
tomy to gastric resection. 

For the determination of the individual essential (free) amino acids of 
plasma 50 to 60 ¢.c. of blood were drawn preoperatively, immediately post- 
operatively, and on the morning of the first postoperative day. In eight of the 
patients, additional] samples were drawn on the third and seventh postoperative 
mornings. The barrel of the syringe used in drawing the sample was coated 
with heparin and two drops of heparin were placed in the collecting tube to 
prevent coagulation of the blood. Im all patients an additional sample of 
blood was drawn each time for the determination of serum proteins. Two 
cubic centimeters of the well-mixed heparinized blood were used for the de- 
termination of the hematocrit which was done in duplicate using Wintrobe 
tubes which were centrifuged at high speed for thirty minutes. The remainder 
of the heparinized blood sample was centrifuged at 3,000 r.p.m. for one-half 
hour to separate the plasma from the cells. The filtrate of the plasma was pre- 
pared according to the method of Hier.’® 1’ Determinations of the levels 
of the ten individual essential (free) amino acids were then performed on 
the plasma filtrate using the microbiological assay methods of Hier and 
Bergeim.’® 1+ 72, Serum albumin and globulin were determined by Hoffman’s 
modification of Howe’s method.'* All analyses were performed in duplicate. 
(In addition to the eight amino acids essential for maintenance in man, 
arginine and histidine were also determined because they are essential in cer- 
tain lower animals.”°) 


RESULTS AND DISCUSSION 


The data obtained in this study are summarized in Table I and Figs. 1 
and 2. The average plasma level of the total ten individual essential amino 
acids before surgery was 171.6 gammas per cubic centimeter of plasma. Im- 
mediately after surgery the mean plasma level of the total ten individual es- 
sential amino acids was only 137.7 gammas per cubic centimeter of plasma. 
By the morning of the first postoperative day the corresponding level was 
161.0 gammas per cubic centimeter of plasma. The level on the third post- 
operative day. was 164.9 gammas and on the seventh postoperative day 161.3 
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vammas per cubic centimeter of plasma. When these data were subjected to 
statistical analysis,*? it was found that the differences between the preop- 
erative, first postoperative day, third postoperative day and seventh post- 
operative day levels were not statistically significant. However, the plasma 
level immediately postoperative was significantly different from all of the other 
levels. The average decrease of the total ten essential amino acids immedi- 
ately after surgery was 33.9 gammas per cubic centimeter of plasma, or a 
pereentage reduction of 20 per cent. 


TABLE I. THE EFFECT OF SURGERY ON THE PLASMA LEVELS OF THE INDIVIDUAL ESSENTIAL 
(FREE) AMINO ACIDS 








AVERAGE OF 16 PATIENTS AVERAGE OF 8 PATIENTS 

(GAMMAS/C.C. PLASMA) (GAMMAS/C.C. PLASMA) 

IMMEDIATELY FIRST THIRD SEVENTH 

PREOPERATIVE |POSTOPERATIVE PO DAY PO DAY PO DAY 

Leucine 20.2 18.7 23.0 22.8 20.7 
Isoleucine 14.6 11.4 is: 14.7 14.6 
Tryptophane 9.1 3.9 9.1 8.7 
Valine 29.2 25.8 31.4 26.6 
Methionine 3.7 a 3.8 
Threonine 13.0 13. 14.3 16.3 
Arginine 15.7 15. 19.4 

Phenylalanine ‘ 10.4 15. 11.1 

: 10.1 

23.4 
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Histidine 10.1 2 9.7 
Lysine 23.4 26. 30.4 


Total ten amino 161.0 164.9 161.3 
acids 














Reference to Table I and Fig. 2 reveals that the mean plasma level of each 
of the individual essential amino acids likewise decreases following surgery. 
The magnitude of decrease of the plasma levels of the various individual es- 
sential amino acids following surgery varied from a mean decrease of 6.1 
gammas per cubic centimeter of plasma for arginine to a mean decrease of 1.3 
gammas per cubic centimeter of plasma for methionine. The percentage de- 
crease of the plasma levels of the various individual essential amino acids fol- 
lowing surgery varied from an average percentage reduction of 40 per cent for 
tryptophane to an average percentage reduction of 7 per cent for leucine. 
When these data are subjected to statistical analysis?’ it is found that the 
differences between preoperative and postoperative plasma levels are statis- 
tically significant for isoleucine, tryptophane, valine, methionine, threonine, 
arginine, phenylalanine, and lysine. Thus, the decreases in plasma levels 
following surgery are statistically insignificant only for leucine and histidine. 

It does not appear that the decreases in plasma levels of the various in- 
dividual essential amino acids can be attributed to plasma dilution. In the 
first place, there was little difference in mean hematocrit or mean serum albu- 
min levels noted before and after surgery. In the second place, the work of 
l.von and co-workers”’ in measuring plasma volume before and after surgery 
would seem to indicate that in the absence of shock or appreciable hemorrhage 
there is no noticeable change in plasma volume during surgery. 
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By the morning of the first postoperative day the mean plasma levels of 
seven of the ten individual essential amino acids were not statistically sig- 
nificantly different from the corresponding preoperative mean plasma levels. 
These amino acids were the following: leucine, isoleucine, tryptophane, valine, 
methionine, phenylalanine, and histidine. However, the mean plasma levels 
of threonine, arginine, and lysine were statistically significantly lower on the 
first postoperative day than the corresponding preoperative mean plasma levels. 
The mean plasma level of lysine returned to the preoperative level by the 
morning of the third postoperative day. The mean plasma levels of threonine 
and arginine did not, in this series, return to the corresponding preoperative 
mean plasma levels until the seventh postoperative day. 
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Fig. 3.—The effect of ether anesthesia on the individual essential (free) amino acids of 
plasma. (Average of ten dogs.) 


There was no obvious relationship between the type and duration of an- 
esthesia or the type and duration of operation and the amount of reduction 
of the various individual amino acids. Obviously, however, the series is small 
for comparisons of this nature. 

Naturally, the question arose as to whether the lowering of the plasma 
amino acids might be due to the anesthesia alone and not the surgery. It 
was not thought justifiable to submit patients to several hours of additional 
anesthesia to establish this point. Consequently, ten dogs were subjected to 
two hours of ether anesthesia. Blood samples were drawn before and at the 
conelusion of the two-hour period of anesthesia. The plasma levels of the ten 
individual essential amino acids were determined in duplicate. Fig. 3 sum- 
marizes the data obtained in this study. Reference to Fig. 3 indicates that 
the ether anesthesia alone produces a lowering of the plasma levels of the in- 
dividual essential amino acids equal to or greater than the depression of 
plasma level produced by anesthesia plus operation. 

Although it seems likely that the depression of the plasma levels follow- 
ing surgery is caused by anesthesia, the question remains unanswered as to 
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the exact mechanism which produces the fall in plasma levels. Shock** and 
hemorrhage?’ are known to raise the plasma amino nitrogen level; conse- 
quently, they can largely be eliminated as responsible factors. That the 
change is part of the ‘‘alarm reaction’’ of Selye** seems unlikely since the 
work of Friedberg and Greenberg® and Li and co-workers’ indicates that 
there is an increase in the level of plasma amino nitrogen following injection 
of cortical extract or adrenocorticotropic hormone. Injection of insulin has 
been demonstrated by Lotspeich,’* by Harris and Harris,? and by us® to pro- 
duce a lowering of the plasma individual amino acids. However, it is neces- 
sary to use doses of insulin sufficient to produce signs and symptoms of hypo- 
glycemia in order to obtain decreases of the plasma levels comparable to 
those observed after surgery. Also, studies of the urinary excretion of the 
individual amino acids in five patients during surgery failed to demonstrate 
increased excretion of the amino acids sufficient to account for the depres- 
sion of the plasma levels in the postoperative period.© The factor which on 
theoretical grounds conceivably might be responsible for the decreases in 
plasma levels of the amino acids following surgery is increased secretion of 
adrenalin. It is known that injections of adrenalin will produce lowering of 
plasma amino nitrogen.’ Likewise, it is known that there is increased secre- 
tion of adrenalin during surgery or anesthesia.* Consequently, it is possible 
that the inereased secretion of adrenalin is the factor responsible for the de- 
crease in the plasma levels of the individual essential amino acids immedi- 
ately after surgery or anesthesia. 


SUMMARY 


A study has been made of the effect of surgery on the plasma levels of 
the individual essential amino acids. 

Following surgery the plasma levels of the individual essential amino 
acids decreased below the preoperative plasma levels. The plasma levels of 
seven of the ten essential amino acids returned to the preoperative level by the 
first postoperative day. Lysine returned to the preoperative plasma level by 
the third postoperative day. Threonine and arginine did not return to the 
preoperative mean plasma levels until the seventh postoperative day. Similar 
decreases in the plasma levels of the individual essential amino acids oce- 
curred following ether anesthesia without operation. 

The decrease in plasma levels of the individual essential amino acids 
following surgery or anesthesia may possibly be due to the increased secre- 
tion of adrenalin which occurs during anesthesia or surgery. With the pos- 
sible exception of arginine and threonine, decreases in plasma levels of the 
individual essential amino acids following surgery do not appear to be di- 
rectly associated with the postoperative catabolic period. 
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EXPERIMENTAL AND CLINICAL OBSERVATIONS ON 
INTRAVENTRICULAR AND INTRACEREBRAL 
INJECTION OF BACITRACIN 
Pau. TencG, M.D., AND FRANK L. MELENEY, M.D., New York, N. Y. 

(From the Department of Neurosurgery, Mount Sinai Hospital, and the Department of 


Surgery, Laboratory for Bacteriological Research, College of Physicians 
and Surgeons, Columbia University) 


N ORDER to test the toxicity of bacitracin by direct application to the cen- 
| tral nervous system, this antibiotic was injected into the right lateral ven- 
tricle of 10 eats. 

METHOD 

Ten normal adult cats weighing from 2 to 2.85 kilograms were used in 
this experiment. The head of the experimental animal was shaved and the 
scalp was prepared with iodine and alcohol. The operating field was draped 
with sterile towels when the animal was lightly anesthetized. Five eats were 
given ether by inhalation and 5 were anesthetized by the intravenous injec- 
tion of Nembutal, 30 mg. per kilogram of body weight. <A right parasagittal 
sealp incision, 2 inches long was made and the periosteum as well as the tem- 
poral muscle was separated from the underlying skull by means of a periosteal 
elevator. A 14-inch burr hole was drilled in the anterior part of the skull and 
the opening was further enlarged to 1 by 34 inch with a small rongeur. The 
dural flap was reflected medially. The suleus cruciatus, suleus ansatus, sulcus 
suprasylvius anterior, and the sulcus lateralis were identified. A hypodermic 
needle was lowered perpendicularly into the right cerebral hemisphere at the 
point 1 em. posterior to the suleus ansatus and 0.5 em. lateral to the midline 
(Fig. 1). At a depth of about 1 to 1.2 em. the needle entered the lateral ven- 
tricle into which 5,000 units of bacitracin in 0.5 ¢.c. of physiologic saline solu- 
tion were delivered from a tubereulin syringe in from 2 to 3 seeonds. The 
wound was closed in layers with silk. 


OBSERVATION 


After the intraventricular instillation of bacitracin, each animal was ob- 
served for 2 to 3 hours before it was sent back to the animal cage. 

Of the 5 animals observed under intravenous Nembutal anesthesia, 3 de- 
veloped muscular twitchings involving the neck and all the limbs starting 10 
minutes after the intraventricular injection of 5,000 units of bacitracin, and 
lasting from 35 to 55 minutes. There were no generalized convulsions. 

Two cats developed generalized convulsions 10 minutes after the intra- 
ventricular injection. Nevertheless, each animal had only 1 seizure which 


lasted 30 to 45 seconds. 





The bacitracin used was supplied by the Commercial Solvents Corporation of Terre 
Haute, Indiana. 
Received for publication, June 4, 1951. 
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All 5 animals survived the injection and the surgical procedure except 
for one which died on the third postoperative day from a wound infection 
Direct smear of the discharge from the wound revealed a Gram-negative bacil 
lus. Autopsy disclosed a generalized meningitis. Frank pus was seen in th« 
cerebral subarachnoid space, more in the basal cisterns and about the site o| 
operation. Culture was not taken. Ogher viscera looked normal. The brain 
specimen of this animal was not preserved. 

In order to eliminate the anticonvulsive effect of the Nembutal, 5 cats were 
operated upon under light ether inhalation. Each animal was allowed to wake 
up from the anesthesia before the intraventricular injection of bacitracin. 
Therefore, the wound was closed without anesthesia. 











Fig. 1.—Topography of cat’s brain. O indicates the site of injection; CR, sulcus cru- 
SS Mee SSA, sulcus suprasylvius anterior; JZ, sulcus lateralis; and S, 

All of the 5 animals developed a series of generalized convulsions which 
appeared from 9 to 14 minutes after the intraventricular instillation of bacitra- 
cin. Two eats were unconscious during the seizures and did not react to pain- 
ful stimuli, while 3 had no disturbance of consciousness. They struggled to sit 
on their legs between seizures. The number of seizures in each animal varied 
from 7 to 12 and each convulsion lasted from 5 to 45 seconds. The last con- 
vulsion in each of these animals occurred from 50 to 70 minutes after the first 
seizure. All animals survived the convulsions, but 1 died 24 hours later from 
“distemper” with profuse nasal discharge and pneumonie consolidation of 
lungs. The brain specimen of this animal was disearded. 

All of the 8 surviving animals were sacrificed at the end of 1 month dur- 
ing which time there was no sign of disability that could be elicited. All were 
killed by giving intravenous Nembutal and a complete autopsy was performed 
in each animal. The findings were essentially normal as indicated below. 

Gross Pathology.—All of the cats showed well-healed sears in the scalp 
and in the dura at the site of the operation. In 3 instances the dura was found 
to be adherent to the cortex at the site of the incision in the dura. The me- 
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uinges remote from the area of operation showed no evidence of thickening. 
The needle tract was found in the cross section of every specimen. However, 
no evidence of a needle puncture could be located in the corpus callosum in 
2 of the 8 brains. Probably the injection was intracerebral. These 2 animals 
were injected under Nembutal anesthesia. One developed a generalized con- 
vulsion 10 minutes after the injection, lasting 45 seconds, and the other had 
no convulsion but a generalized muscular twitching which lasted 16 minutes, 
10 minutes after the intracerebral injection of bacitracin. The brains of these 
2 animals and one of the others with an intraventricular injection of bacitracin 
showed a small area of hemorrhage around the needle tract. Otherwise, the 
cerebral and the cerebellar cortex, the ventricular surface, and the chorioid 
plexus of all specimens looked normal. 

Section of the kidneys revealed no gross pathology. 

Microscopic Examination.—The cerebrum was sectioned along its coronal 
plane and the sections were stained with Nissl’s methylene blue and hematox- 
ylin-eosin. A few lymphocytes were seen in the subarachnoid space and occa- 
sionally they infiltrated the arachnoid membrane which was slightly thickened 
in the area of operation. The dura and the arachnoid remote from the site of 
operation were normal. There was a small area of softening in the white mat- 
ter of the cerebrum with minimal glial-cell reaction neighboring the needle 
tract. In three specimens, minimal hemorrhage was seen amid the area of 
softening (Figs. 2 and 3). Sections of Nissl’s stain demonstrated no evidence 
of degeneration of the cortical neurons even in the area through which bacitra- 
cin had been instilled. The chorioid plexus and the ependymal lining of the 
ventricles looked normal in every specimen. 

Comment.—This experiment shows that the intraventricular or intracerebral 
injection of 5,000 units of bacitracin in 14 ¢.c. of normal saline solution to eats 
of 2 to 2.85 kilograms of body weight caused transient seizures. Of the 5 
animals which were injected under Nembutal anesthesia, 2 developed a single 
generalized convulsion and 3 exhibited only muscular twitchings. Repeated 
attacks of jacksonian seizures lasting 50 to 70 minutes were observed in all of 
the other 5 cats injected under ether anesthesia. Nevertheless, all 10 animals 
survived the injection although 2 died from postoperative complications. Five 
thousand units of bacitracin for a cat weighing 2 kilograms would correspond 
to 175,000 units for a 70 kilogram man by the intraventricular route. Prob- 
ably 100,000 units of bacitracin could be given into the ventricle of an adult 
patient without causing untoward effects, but for the present a limit of 50,000 
units at any one time is recommended. We have employed this dosage in 5 ¢.e. 
of normal saline solution by intracranial instillation without observing any 
toxie effect. 

Other Experimental Observations—Walker and Johnson demonstrated 
that approximately 500 units of penicillin injected into the ventricular system 
or by topical application to the cerebral cortex in dogs and monkeys caused 
epileptic manifestations.! The intracortical instillation of 1,000 units of peni- 
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cillin in both cats and monkeys induced myoclonic jerkings.* They also pointed 
out that in human beings, penicillin applied to the cortex in doses of 10,000 t. 
20,000 units may produce convulsions. 


CLINICAL OBSERVATIONS 


We have applied 10,000 to 50,000 units of bacitracin in a concentration o} 
2,500 to 10,000 units per ¢.c. in normal saline solution to 45 patients” 
only to an intact cortical surface but also to the cut surface after topectomy 
or lobectomy without producing any signs of cerebral irritation. Repeated in- 
jections by the intraventricular route in a dosage varying from 5,000 to 50,000 


hot 


Fig. 3. 

Fig. 2.—Section of brain, cat No. 840. Hematoxylin-eosin stain. Shows the area of 
hemorrhage, softening, and minimal glial reaction at the site of intracerebral injection of 
5,000 units of bacitracin in % c.c. of normal saline solution. Animal killed 1 month after 
the test. (X75.) 

Fig. 3.—Section of brain, cat No. 841. Nissl’s stain. Shows the same change along 
the needle tract as in Fig 2, 1 month after the intraventricular injection of 5,000 units of 
bacitracin in % c.c. of normal saline solution. (x190.) 


units of bacitracin have been given to 8 patients in the treatment of infections 


or for postoperative prophylaxis, and have produced no irritative symp- 
toms.* * > One further illustrative case is presented below. 


CASE REPORT 


B. E., a 63-year-old man, was admitted to the Mount Sinai Hospital on June 16, 1949, 
and 5 days later an ependymoma was removed from the right lateral ventricle through a right 
sided Frazier bone flap. The postoperative course was uneventful until the fifth day after 
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the operation, when the temperature rose to 104° F, and the neck became rigid. A ven- 
tricular puncture yielded 15 c.c. of cloudy sanguinous fluid. Infection being suspected, 
although direct smear and culture of this fluid revealed no microorganism, 10,000 units of 
bacitracin in 10 ¢.c. of normal saline solution were instilled into the right lateral ventricle. 
From beneath the scalp through the operative wound 20 c¢.c. of cloudy bloody fluid were 
aspirated, and 10,000 units of bacitracin in 1 ¢.c. of normal saline solution were delivered 
into the subgaleal space. Into the lumbar subarachnoid space the same amount of bacitra- 
cin was injected after 10 ¢.c. of turbid cerebrospinal fluid had been removed. Supplemen- 
tary bacitracin, 10,000 units every 6 hours, and procaine penicillin, 600,000 units every 
6 hours, were given by the intramuscular route. The former antibiotic was stopped after 
the second intramuscular dose, and the latter was continued for 10 days. The patient was 
alert and took fluid by mouth. The temperature became normal on the second day of this 
treatment. The wound healed without any signs of suppuration. Cultures of the ventricu- 


lar, the spinal, and the subgaleal fluid all showed no growth. 


TABLE I. THE INJECTION OF 5,000 UNITS OF BACITRACIN IN 0.5 €.c. OF NORMAL SALINE 
SOLUTION. INTO THE RIGHT LATERAL VENTRICLE IN THE CAT 

















BODY 
ANIMAL WEIGHT | 
NO. | ANESTHESIA | (IN KG, ) RESULT 
817 Nembutal 2.0 1 generalized convulsion, 10 minutes after the intraventricular 

injection; seizure lasted 30 seconds; no loss of consciousness 
during seizure; recovery complete; no paralysis 
840 Nembutal 2. 1 generalized convulsion, 10 minutes after the injection, later 
found to be intracerebral; seizure lasted 45 seconds; no 
paralysis; complete recovery 
Nembutal 2. Muscular twitchings of trunk and limbs; no generalized con- 
vulsion; complete recovery 
Nembutal No convulsion; muscular twitchings appeared 10 minutes after 
injection, later found to be intracerebral; complete recovery ; 
no paralysis 
Nembutal No convulsion; muscular twitchings, limbs and trunk; died 
from wound infection and meningitis, 3rd day (Gram-nega- 
tive bacillus) 

Muscular twitchings and 10 generalized convulsions, each lasted 
15 to 30 seconds; seizures set in 9 minutes after the injec- 
tion lasting over a period of 52 minutes; recovered 

Ether 2. 7 generalized convulsions appeared 10 minutes after the injec- 

tion; each lasted 5 to 20 seconds; no loss of consciousness 
during seizures lasting over a period of 60 minutes; com- 
plete recovery 

12 convulsions, 10 minutes after injection; complete recovery ; 
each seizure lasted 30 to 45 seconds, lasting over a period of 
70 minutes; no loss of consciousness 
convulsions, generalized; each lasted 17 to 35 seconds, last- 
ing over a period of 50 minutes; died from distemper 2 days 
later 

10 seizures, generalized, 12 minutes after the injection; each 
lasted 10 to 20 seconds; no loss of consciousness during con- 
vulsions; complete recovery; convulsions lasted over a period 


of 66 minutes 








Ether 


Ether 


Ether 


Ether 





Comment.—In the case deseribed above there was no bacteriologie evi- 
dence of infection. The symptoms were probably caused by bleeding from the 
lateral wall of the ventricle from which the tumor had been removed. The 
case demonstrates that bacitracin may be given by the intraventricular and 
intrathecal routes and into the scalp wound as a prophylactic, without any evi- 
dence of local irritation or systemic toxicity. 
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During the early commercial production of bacitracin by the deep-tank 
method certain lots showed a disturbing degree of kidney irritation. Ou: 
clinical data have shown that when bacitracin was injected into the intra 
cranial cavity or the subarachnoid space alone, without any intramuscula 
administration, there were no urinary or renal changes. When local treatment 
to the central nervous system was fortified by intramuscular injections 0! 
bacitracin in doses of 10,000 to 20,000 units at intervals of 4, 6, or 8 hours, 
transient albuminuria and eylindruria may appear but they usually disappear 
during treatment or soon after treatment has been stopped. No significant 
rise in blood urea nitrogen has been observed in our series of cases.° 


SUMMARY 


l. Five thousand units of bacitracin in 4 ¢.e. of normal saline solution 
were injected into the right lateral ventricle through a craniotomy wound in 
10 eats, 5 under Nembutal and 5 under light ether anesthesia. 

2. Seven to 12 convulsive seizures lasting from 50 to 70 minutes occurred 
after the intraventricular injection of bacitracin in the 5 eats which were 
operated upon under light ether anesthesia. In the other 5 animals given 
Nembutal anesthesia, 2 developed one generalized seizure while 3 exhibited 
only muscular twitchings of the limbs and the trunk. In 2 of the last group 
of animals in which the injection was probably intracerebral, one developed a 
generalized convulsion and the other had only muscular twitchings. 

3. All animals survived the injection and the convulsive manifestation. 
Two eats died from postoperative complications. The survivals showed no 
signs of disability. 

4. All surviving eats were killed 1 month after the intraventricular in- 
stillation of bacitracin. Pathologie examination of the brain revealed minimal 
elial-cell reaction, small areas of softening in the white matter of the cerebral 
hemisphere and minimal amounts of bleeding in the softened area at the site 
of injection. The arachnoid membrane was thickened only in the exposed 
area of operation. 

5. Bacitracin has been used in the treatment of infections involving the 
central nervous system in patients and no ill effects have been observed. Its 
clinical use by the intraventricular and intracerebral routes is to be recom- 
mended. One illustrative case is presented. 
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ONE-STAGE RECONSTRUCTION OF THE CERVICAL 
ESOPHAGUS OR TRACHEA 


Miron THOMAS EpGERTON, M.D.,* BALTrMorE, Mp. 


T IS now possible in many eases to carry out immediate reconstruction of the 

oral cavity or upper pharynx at the time of surgical excision of malignant or 
radionecrotie ulcers. This has resulted in a tremendous reduction in length of 
hospitalization and postoperative morbidity for this group of patients. In the 
majority of cases, only the floor of the mouth or one wall of the pharynx need 
be removed, and under these circumstances a previously delayed local cervical 
skin flap may be used for immediate reconstruction. 

However, with bulky carcinomas of the extrinsic larynx or hypopharynx, 
with some carcinomas of the base of the tongue, and with carcinoma of the 
cervical esophagus, it is usually necessary to remove all or at least the greater 
part of the cireumference of the lower pharynx and cervical esophagus. 

The larynx must be removed in most such cases, and a permanent tracheos- 
tomy is usually employed. In this manner the surgeon has a moderately satis- 
factory solution to the problem of the upper respiratory tract. However, at the 
same time, the requirements of the gastrointestinal tract make it imperative that 
some method be found whereby food and the salivary and mucous gland secre- 
tions from the oral and nasal cavities may be conveyed to the stomach. It is 
important that the patient be spared the problems of a permanent gastrostomy, 


that he be enabled to taste properly, and to take his meals in normal fashion. 
It may thus be seen that some method of early reconstruction of the cervical 
esophagus would be desirable. 


BACKGROUND 

The recent return to the more extensive use of radical surgery in the treat- 
ment of certain head and neck tumors has given the plastie procedure of 
Harold Wookey acceptability in many clinies. Our experience in the use of this 
method has been rather disappointing. In the first place many of these patients 
are malnourished when first seen, and tolerate poorly the long periods of 
hospitalization and abnormal feeding. Secondly, the Wookey procedure re- 
quires extensive and diligent nursing care for several weeks to prevent constant 
salivary secretion from entering the newly established tracheostomy (Fig. 1). 
The report of Rob and Bateman in October, 1949, described the use of a 
cylinder of tantalum gauze applied to defects in the cervical region of both the 
trachea and the esophagus. They covered the tantalum inside and out with 
fascia lata. The fascia was used primarily with the idea of establishing a 
‘“‘temporary seal during the first few hours to limit infection while the tissue 
planes are being closed off.’’ The tantalum was simply used as a splint to 
prevent stenosis. However, in several of the cases reported the necrotic fascia 


, *From the Department of Plastic and Maxillo-facial Surgery, The Johns Hopkins Hospital 
and The Johns Hopkins University School of Medicine. 
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had to be picked out on pharyngoscopy in the early postoperative period, an: 
there was also some difficulty with obstruction of the lumen. In our use o 
fascia lata in other parts of the body, we have found it a material high]) 
vulnerable to infection when used as a free graft. Like tendon it is almos 
avascular. Thus to expose it to the secretions of the oral cavity would seen 
to invite the infection and necrosis which in fact oceurred in the reported eases 
Qn the other hand, split-thiekness skin grafts have proved highly resistant tv 





Fig. 1.—This patient, G. S., a 58-year-old plumber with carcinoma of the hypopharynx, 
was treated by a modification of the Wookey operation and shows some of the difficulties 
encountered in postoperative management. The saliva drains down from the opening into the 
pharynx and has a tendency to get into the newly formed tracheostomy. Usually four to five 
weeks are required before the cervical skin flap can be turned back on itself to reconstruct the 
esophagus. The skin from the submaxillary region in this patient was turned up to reconstruct 
the upper portion of the pharynx because of the very high resection required here. 


infection and take well, not only in the oral eavity but even in saucerized defects 
within osteomyelitie bone. In addition, such skin grafts come to simulate 
rather closely the normal lining of the pharynx and upper esophagus, ap- 
parently undergoing some metaplasia with a decrease in the amount of keratin. 
Aceordingly, it seems that skin may be superior to fascia in effecting a seal 
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while at the same time serving as a permanent substitute for the excised mucosa. 
It should be noted that if this concept is accurate, one need not leave a small 
strip of the original mucosa, as Rob and Bateman did. 

While it is recognized that the epithelia] linings of both the esophagus and 
the trachea have an unusual ability to regenerate, it is often true that this 
regeneration is accompanied by a varying degree of stenosis. It would seem 
important to replace large defects in the surface of epithelial tubes within the 
body by epithelial grafts just as in the case of similar defects on the outside 
hody surface. 
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Fig. 2, A (Case 1).—W. C., a 34-year-old Negro laborer admitted to The Johns Hopkins 
Hospital with eight months’ history of hoarseness. Specimen removed in continuity with 
lymphatics of left neck, including the wall of the pharynx and a total laryngectomy for car- 
cinoma of the extrinsic larynx. 


METHOD 


The plastic surgical service has treated four patients in whom free skin 
erafts were used in conjunction with a metal mesh splint to repair segmental 
defects in the esophagus and pharynx.* The first of these was a young Negro 
man of thirty-four with a large squamous carcinoma of the extrinsic larynx 
(Fig. 2, A-F). This had invaded the left pyriform sinus and extended down 
3m. into the cervical esophagus. There was marked deformity of the epiglottis 
with definite stridor. 

A large rectangular flap was elevated from the anterior neck with its 
pediele placed laterally to the left (Fig. 2, C). The larynx was resected en 


: *Since submission of this paper three additional cases have been treated with this tech- 
hique with similar satisfying results, 
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region at time of operation. All the tissues have 
The common carotid and internal 


Fig. 2, B (Case 1).—Defect in cervical 


been removed down to the muscles of the cervical vertebrae. > 
sarotid arteries were left, but it was necessary to remove the hyoid bone and the base of the 
tongue to get adequate margin around the growth. On the left may be seen the segment of 
esophagus and pharynx about to be inserted. 

C, This 14 cm. segment of tantalum gauze has now been shaped into a truncated cone 
with a wide circumference at the top exactly matching that of the transected pharynx. \ 
three-quarter-thickness split-skin graft taken from the thigh has been sutured around tl! 
tantalum with the “raw surface” facing the surrounding tissues of the neck, 
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hloe, together with the upper two rings of the trachea, the upper esophagus, 
lower pharynx, hyoid bone and base of tongue, and a radical neck dissection 
was performed on the left side. The strap muscles and left lobe of the thyroid 
were included in the block. A fine mesh tantalum gauze was then fashioned into 
a truneated cone 15 em. long so that the smaller end would just fit into the 
distal segment of the esophagus. The larger proximal end was approximately 
equal in diameter to the pharynx just below the level of the tonsils. A three- 


E. 


Fig. 2, D (Case 1).—Shows patient three weeks following removal of tumor, now able 
to take full liquid diet without evidence of fistula. 

E, Shows patient having gained twenty-two pounds in the first six weeks following 
Surgery. He has developed a very satisfactory esophageal voice. 
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quarter-thickness split-skin graft was then taken from the left thigh and ap 
plied about the outer surface of the tantalum cone with the epidermal side 
facing the lumen and the subeuticular surface facing the surrounding tissues 
of the neck. Care was taken to allow the graft to extend about 1 em. beyond 
the limits of the tantalum. This sleeve of graft was turned down within th: 
mesh so as to cover the sharp metal edges. The graft was fixed in place about 
the cone, with a number of 0000 chromic catgut sutures. The distal end of thi 


Fig. 2, F (Case 1). 3arium swallow taken eight weeks after insertion of skin graft 
and tantalum mesh. This represents two separate roentgenograms of pharynx and lower neck 
taken simultaneously. There is very rapid passage of barium through reconstructed segment. 
Note the bending of the metallic mesh in the lower portion, secondary to pressure from the 
tracheotomy tube. 


. 
cone was then inserted about 2 em. within the esophagus, and the esophagus 
was then anastomosed to the cone by means of additional interrupted catgut 
sutures. At the upper end a simple end-on anastomosis was employed in order 
to minimize any leakage of saliva into the deep cervical tissues. A Levine tube 
was passed through the newly made segment into the stomach for postoperative 
feeding. The skin flap, raised on the neck at the beginning of the operation, was 
then laid back across the anterior surface of the tantalum tube, care being 
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taken to see that it lay in close contact with the lateral and ventral surfaces of 
the split-thickness graft surrounding the tantalum. The remaining portion of 
the trachea was then sutured to the skin in the suprasternal region as a perma- 
nent tracheostomy. Two small Penrose drains were brought out beneath the 
lower border of the flap. A firm cotton waste dressing was then applied about 


the neck. 

Postoperative Course —Pathologie report revealed a poorly differentiated 
squamous carcinoma originating in the larynx, with extension locally, but 
metastasis found in only one deep cervical lymph node. On the fifteenth post- 
operative day the patient was able to take a liquid diet by mouth. There was 
no fistula. The drains were removed on the sixth postoperative day and there 
was no evidence of abscess formation or severe febrile response. We were 
concerned about the ability of this patient to swallow because of the removal 
of hyoid bone and base portion of tongue. However, he swallowed quite easily 
from the first and continues. to do so. The patient gained twenty-two pounds 
within the next four weeks, and has developed a very adequate esophageal voice. 
After operation, in spite of the absence of the constrictor muscles of the pharynx, 
barium swallow revealed only a very slight delay at the lower end of the re- 
constructed segment. In the weeks following operation the tantalum was 
examined endoscopically on several occasions. There seemed to be no tendency 
of the cervical tissues to grow up through the mesh. About four months post- 
operatively the patient complained of a stiff feeling in his neck on extreme 
motions of his head. Under a light Pentothal sodium anesthesia, the mesh was 
firmly grasped with a pair of forceps passed through a bronchoscope and, with 
strong traction, was readily removed through the mouth. The skin graft was 
seen to have taken nicely and the esophagus had an adequate lumen and a 
pink healthy color. The patient subsequently noted some further improvement 
in the ease of swallowing and eight months after operation took a full diet 
without difficulty. It is interesting that these patients can swallow even when 
lying supine. 

This combination of skin graft and metallic mesh has been used in three 
other patients. Case 2 (J. C.) was a 56-year-old man with a squamous car- 
cinoma of the pharyngoepiglottie fold (Fig. 3, A-C). The treatment employed 
was essentially the same as in the first case except that it was unnecessary to 
remove the entire circumference of the esophagus. A narrow strip of mucosa 
| em. wide was left on the posterior wall. The retention of this mucosa is 
apparently not essential for preservation of the swallowing mechanism but it 
would appear that it might tend to help prevent stricture formation. Thus far 
postoperative dilatation has not been required. On this second patient the fine 
mesh used was of stainless steel rather than tantalum. This change was made in 
the interest of providing a stronger form or stent for the skin graft. The steel 
is made in a closer weave and is correspondingly stiffer than the tantalum, thus 
permitting a firmer pressure dressing without risking compression of the tube. 
Seven months postoperatively the patient was eating well and was without 
recurrence. 
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The third patient (Case 3) entered with a smaller carcinoma lying in th 
right pyriform sinus. A composite resection was earried out removing vallecula 
and lateral pharyngeal wall. A direct approximation of the edges of the defec' 
would have produced serious binding of the tongue to the palate. To meet this 
problem a cireular piece of steel mesh gauze was fitted to the defect. Again a 
split-thickness graft was applied over this so that the epidermal side faced the 
pharyngeal lumen through the spaces of the mesh. The elevated cervical flap 
was then simply dressed against the ‘‘raw’’ side of the graft. After two weeks 
the mesh was readily removed through the mouth and revealed a satisfactory 
take of the graft. Four months later the patient was still free of recurrence 
and although the right mandible was replaced with a steel bar he is able to eat 
quite well. 















hi Wy VA K ee : 
with 6 I : rotid— 











fj ieacod \ \\"d 
sep 







yr —\ 
“a y 






Trach’a ZF Z 


ZZ 





Fig. 3, A.-—Sketch showing the remaining structures of deep neck after removal of speci- 
men, containing tumor. In many cases it is possible to leave a tiny strip of uninvolved pharyn- 
geal mucosa on posterior wall. This is not necessary but probably aids in re-establishing the 
swallowing mechanism. At least one lobe of the thyroid should be preserved along with asso- 
ciated parathyroids. If the growth is small and low-lying the hyoid bone and base of tongue 
sometimes may be vreserved. 
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A fourth patient (G. M.), a 62-year-old white man (Fig. 3, A-C) also 
had a complete resection of a 12 em. segment of pharynx and esophagus for an 
anaplastic carcinoma of the upper esophagus and lower pharynx. Once more 
a laryngectomy, tracheostomy, and reconstruction of esophagus with steel mesh 
and skin graft were carried out. Although the growth appeared to be removed 
locally, pathologic examination showed a tumor thrombus in the left facial 


vein and the prognosis is probably poor. This patient was treated recently but 
is reported because he is the first patient to show some necrosis of the edge of 
his skin flap. This exposed a 2 em. area of mesh and the fistula required a 
chest flap for closure. This fistula was simply closed as it involved only the 
anterior wall of the esophagus. The patient is now without pain or recurrence. 
He is eating a full diet and has gained fourteen pounds. 
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Fig. 3, B.—Sketch of tantalum or stainless steel mesh being formed into a cone to support the 
free graft. 


The transverse cervical flaps are quite long and should be designed to 
reach well across the midline. If there is node involvement, requiring a radical 
neck dissection, it would probably be best to base the flap on the uninvolved side 
of the neck, or perhaps carry out a preliminary ‘‘delay’’ operation. 


APPLICATION TO TRACHEAL DEFECTS 


Ronald Belsey reported in October, 1950, the use of fascia lata around a 
special coiled spring to repair a defect of the trachea. He reasoned that the 
coil would give some longitudinal elasticity to the reconstructed segment and 
again pointed out that in the trachea, unlike the esophagus, permanent lateral 
In Belsey’s patient it was necessary to reopen the chest 


rigidity is required. 
and use living pulmonary tissue to control an air leak. Belsey also noted the 
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development of a stricture of the tracheal lumen to about one-half of its caliber 
within one year. Longitudinal elasticity is probably not necessary in reconstruc 
tion unless a very long segment of trachea is removed. It also seemed possibl: 
that the use of a skin graft might serve to eliminate a continuing air leak post 
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Fig. 3, C.—The prosthesis is now in position and it may be seen how the vascular nature 
of all the surrounding structures of the neck serve as a bed for the new graft. The prosthesis 
is fitted within the esophagus at the lower end to avoid possible fistula formation. 
operatively and perhaps prevent late stricture, by offering immediate substitu- 
tion for tracheal mucosa. Encouraged by the reconstructions of the esophagus, 
I had the opportunity to work* on another patient with a primary carcinoma 
of the trachea just above the carina. A tubular segment of treachea was re- 
sected and replaced by a tube of tantalum mesh covered by a split-thickness 
skin graft as described above, the only difference being that the epidermis was 


*With Dr. Richard Kieffer, Jr., of the general surgical service. 
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removed from the skin graft with the hope that the transplant might be sur- 
vically more acceptable. The tantalum mesh overlapped the outside of the 
trachea in order to avoid any possibility of its becoming displaced within the 
lumen and causing respiratory obstruction. The patient withstood the pro- 
cedure well and his stridor was relieved postoperatively. A bronchoscope was 


Tantalum cylinder | 


Govered with skin qrefl) 


_ Fig. 4 (Case 5).—Specimen on the first patient in whom we replaced a segment of trachea 
using the same technique. A primary carcinoma of the trachea was removed just above the 
carina and the cylinder can be seen in good position over two weeks later. The patient did 
well until the fourteenth postoperative night at which time he suffered a sudden hemorrhage. 
We had not realized that the tracheotomy tube extended down into the reconstructed segment 
and the constant changing and cleaning of this tube may have had something to do with the 
postoperative hemorrhage. 


inserted several times following operation and each time the tantalum mesh 
was clearly seen to have an adequate lumen. Fourteen days postoperatively 
when his wounds were healed and he was fully ambulant the patient had a 
sudden massive hemoptysis, aspirated blood, and died. Autopsy showed (Fig. 4) 
the tantalum mesh eylinder firmly in position with no evidence of any tendency 
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of the mesh to be taken up by the surrounding tissues. The hemorrhage had 
apparently occurred at the site of the ligated right vertebral artery. It had not 
been appreciated that the tracheotomy tube extended down into the recon 
structed segment, and it is possible that trauma from this tube may have hac 
something to do with the hemorrhage. Microscopic examination of the ski 
graft showed it to be taking nicely, and in contact with the surrounding 
mediastinum. Subsequently, Dr. Kieffer and Dr. J. C. Handelsman treated 
another patient with a primary carcinoma of the trachea, again using essentially 
the same technique. To this date, two months after the operation, that patient 
has done well, and the details of management of anesthesia and postoperative 
care are being reported in another paper. 

The effect of this method of tracheal reconstruction on the patient’s ability 
to cough up secretions if the reconstructed segment is long, may help to demon- 
strate whether or not continuous ciliated epithelium is essential to good func- 
tion in the trachea. 
SUMMARY 


Early reconstruction of the cervical esophagus and pharynx is a prime 
requisite of any operative attack upon cancer of the oral cavity, pharynx, 
hypopharynx, or cervical esophagus. Free split-thickness skin grafts seem to 
serve adequately to replace the lining of esophageal and pharyngeal segments. 
These skin grafts have been applied by fastening them to the external surface 
of a metallic mesh. The mesh in such cases serves primarily as an elastic mold 
or stent, and may actually be removed later if desired. The cases of four 
patients in whom such reconstructions have been earried out are presented. 
Such patients not only swallow a regular diet without pharyngeal muscle but 
also develop an acceptable esophageal voice. The possible application of this 
technique to the reconstruction of tracheal defects is also discussed and mention 
is made of two cases in which such a method has been employed. 
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ESOPHAGEAL DYSFUNCTION IN THE RAT AFTER VAGOTOMY 
Davin E. Donan, B.V.S., M.R.C.V.S.,* RocHEstEer, MINN. 


HE innervation of the cardia and of the lower portion of the esophagus has 

been a subject of considerable interest both to ¢linicians and to experimental 
workers, and interest has been directed particularly toward the effects which 
follow vagal section. Numerous reports were found in which the effect of this 
procedure on the dog, the eat, and the rabbit was discussed, but only two publica- 
tions were noted in which the rat was used as the experimental animal; of these 
only one, that by Houssay,! was concerned with the involvement of the cardia 
and the lower portion of the esophagus. In his animals, transabdominal vagotomy 
was found to result in esophageal dilatation, regurgitation of food, loss of 
weight, and death in many eases. In a series of complete gastrectomies in rats 
esophageal disturbance was not observed even though both vagus nerves had 
been severed. It therefore was deemed advisable to make further studies of 
the effeet of bilateral vagotomy in the rat. 


METHODS AND MATERIALS 


Male albino rats which weighed 150 to 250 Gm. were used, and when possible 


litter mates were studied as a group. Daily records of weight and intake of 
food before and after operation were kept and observations were made of the 
animals’ behavior. Roentgenologic studies were conducted as desired, the 
animals being fasted twenty-four hours without water for this purpose, then 
allowed to feed naturally from a barium-milk-sugar mixture. Esophageal activity 
was observed roentgenoscopically and, when necessary, films were exposed. 

The following operations were conducted under ether or Nembutal (1 mg. 
per 40 Gm. body weight intraperitoneally) anesthesia : 

Vagotomy.—Both vagus nerves were simultaneously sectioned between liga- 
tures at the following points in their course along the esophagus: (a) at the 
esophagogastric junction, (b) at approximately the middle of the abdominal 
esophagus, (¢) immediately distal to the diaphragm, (d) immediately above the 
diaphragm, and (e) at the point of emergence of the vagus nerves from the lung 
roots. 

A two-stage operation was performed where the right vagus nerve was 
sectioned in the thorax immediately distal to the root of the lung, or immediately 
above the diaphragm, and later the left vagus nerve was transected in the 
midcervieal region. 

Combined Removal of Celiac and Superior Mesenteric Ganglia With Section 
of Right and Left Splanchnic Nerves.—The celiae and superior mesenteric ganglia 
were removed together with the bulk of the tissue lving in the area bounded by 


ee 
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the abdominal aorta and the celiac and superior mesenteric arteries. At th: 
same time the right and left splanchnic nerves were sectioned between thei: 
entrance into the abdomen and their union with the ¢eliae ganglion. 

Frequently this operation was combined with that of transabdominal va 
gotomy at the cardia, or was performed later after vagotomy. 


Cardioplastic Operation.—Two types of operation were performed in an 
attempt to dilate the cardiac permanently: Type A. A longitudinal incision 
was made at the anterior esophagogastric junction down to but not including 
the mucosa, and the muscle fibers were pulled apart sufficiently to permit the 
mucosa to protrude. Type B. A longitudinal incision was made into the 
esophageal lumen 0.5 em. from its termination and was continued through the 
‘ardia to extend a similar distance on the anterior wall of the stomach. The 
wound was then closed in transverse fashion with interruped sutures. In some 
instances transabdominal vagotomy at the cardia was combined with an opera- 
tion of type A or B. 

Complete Gastrectomy.—Total gastrectomy, in eases in which intestinal con- 
tinuity was restored by end-to-end esophagoduodenal anastomosis, was performed 
in a number of animals. At times it was performed after transthoracic or 
transabdominal vagotomy. In a few instances partial gastrectomy, which 
involved removal of the rumen of the stomach, was carried out. Subsequently 
vagotomy was performed, or the vagal nerves were transected at the time gas 
trectomy was performed. 

Dissections also were performed to follow the course of the vagus nerves 
in the neck and thorax and their distribution to the lower portion on the esoph- 
agus, cardia, and stomach. Necropsy was conducted on all dead or killed 
animals and appropriate histologic sections were obtained. 


RESULTS 

Transabdominal Vagotomy.—No essential difference was noted to result 
from variation in the point of vagal section within the abdomen. The results 
were classed in two main groups. In the first, twelve out of forty animals showed 
rapid progressive loss of weight, varying from 17 to 67 per cent of the preopera- 
tive level, till death occurred between the eleventh and sixteenth days. Difficulty 
in swallowing and regurgitation of gastric contents was observed, especially in 
the terminal stages; activity was subnormal and there was marked pallor of the 
eves and ears. 

In the second group composed of thirty-eight rats, rapid loss of weight was 
again a feature, but after fourteen to forty-two days gradual gains in weight 
were recorded and the preoperative level of weight was reached around the 
forty-second day in 50 per cent of the animals. Recovery was more delayed in 
the remaining members, though in all cases the preoperative levels were eventually 
passed. 

Roentgenologic studies showed that transabdominal vagal section had a 
profound influence on the normal transport of material from the pharynx to 
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the stomach. The following points were shown to a greater or lesser degree by 
all animals examined, being more marked in those animals which died by the 
eleventh or sixteenth day. 

Varying degrees of dilatation of the abdominal or thoracic portions of the 
esophagus or both were observed; there was regurgitation of material from the 
stomach or abdominal esophagus into the thoracic portion during feeding, and 
in all but two cases regurgitation continued for considerable periods after re- 
moval of the food. Retention of considerable amounts of barium in the thoracic 
or abdominal portions of the esophagus or both was noted both during and after 
feeding. The barium swallowed was seen to halt at the cardia for long or short 
periods, generally at the commencement of feeding but also during feeding in 
some instances. Filling of the stomach was delayed in about 40 per cent of the 
rats examined; in the remainder there was little variation from the normal. 

The following features were seen in animals found dead or killed when 
moribund. The abdominal portion of the esophagus and especially the thoracic 
portion were dilated, and occasionally the cervical region also was involved. The 
esophageal walls were thin and flabby and the lumen filled with frothy mucus. 
Dilatation of the stomach especially of the rumen was noted, while the intestines 
were empty and often stained with bile. In no instance was any constriction 
apparent in the region of the cardia. Marked dehydration was constant. Evi- 
dence of inhalation of regurgitated material was found in a few instances. 

Transthoracic Vagotomy.—Section of the right vagus nerve alone, either 
immediately above the diaphragm or just distal to the lung roots did not cause 
loss of weight or change in feeding habits. Simultaneous section of the vagus 
nerves immediately distal to the lung roots, or section of the right vagus nerve 
alone at this point with later section of the left vagus nerve in the midcervical 
region was followed in all cases by extremely rapid loss of weight, difficulty in 
swallowing, increasing weakness, regurgitation, and advanced dehydration. 
Death oceurred between the seventh and fourteenth postoperative days. Section 
of the right vagus nerve immediately above the diaphragm, followed at a later 
date by section of the left vagus nerve in the midcervical region, generally re- 
sulted in death, although one rat survived. This rat subsequently was found to 
remain on a low weight level and only minimal weight gains were recorded. 
When the point of simultaneous vagal section was definitely located immediately 
above the diaphragm there was initial rapid Joss of weight followed by indefinite 
survival at low weight levels accompanied by signs of inanition. 

Section of the right vagus nerve alone was shown by roentgenologie studies 
to be without effect on esophageal activity. By similar means a marked dilatation 
of the abdominal esophagus and of the lower two-thirds of the thoracic portion 
was revealed in those animals with double vagotomy immediately above the 
diaphragm. Barium was retained in the thoracic portion up to thirty minutes 
after the cessation of feeding, accompanied by marked and frequent contraction 
of the thoracic esophageal wall. Considerable fluctuation of the column of 
retained barium synchronous with respiratory and abdominal movements also 
Was noted. 
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Necropsy revealed marked dilatation of the entire esophagus and of th 
stomach, and an apparent constriction of the esophagus was noted at the diaphra: 
matie hiatus, 

In the other rats in this group in which section of the nerves had been pe 
formed at high levels in one or two stages, complete paralysis of the cerviea 
and thoracic esophageal region was observed on roentgenologic examination. 
The esophageal walls were flaccid and widely dilated, and no active movement 
of the esophagus was seen, the wide column of barium being slowly and ir- 
regularly driven toward the stomach by the addition of each swallowed mass. 
Retention at the diaphragm was a constant finding, and in one ease it lasted for 
as long as twelve hours after food had been removed. 

Considerable esophageal dilatation was found at necropsy, associated with 
apparent diaphragmatic constriction. 

Combined Removal of Celiac and Superior Mesenteric Ganglia With Section 
of Right and Left Splanchnic Nerves.—After the procedure just described, evi- 
dence of difficulty in feeding or of regurgitation was not noted and abnormality 
of esophageal movement was not seen on roentgen-ray examination. 

When transabdominal vagotomy was performed simultaneously with, or 
subsequent to, this type of sympathectomy, the results obtained were essentially 
similar to those which followed vagotomy alone. It was noted, however, that 
generally the stomach was filled on cessation of feeding and that there was little 
or no regurgitation after feeding. 

Cardioplastic Operation—No alteration in feeding behavior followed opera- 
tions designed solely to dilate the cardia. When both vagus nerves were severed 
transabdominally, either at the time of the cardioplasty or at a later date, rapid 
loss of weight and regurgitation were observed, the symptoms being more severe 
than those noted after simple transabdominal vagotomy. At necropsy the 
stomach was dilated and distended with gas and the abdominal and thoracic 
portions of the esophagus were greatly dilated. In each ease the cardia was 
shown to be widely patent. 

Complete Gastrectomy.—Removal of the entire stomach was of necessity 
accompanied by simultaneous section of both vagus nerves at the cardia. In 
no instance was this followed by the esophageal disturbance characteristic of 
vagotomy performed at the level of the cardia, the stomach being left undisturbed. 
Complete gastrectomy also was performed on three rats in which the vagus 
nerves had previously been sectioned at the level of the cardia, and in which the 
stage of gradual increase of weight had been reached. Alteration of esophageal 
incoordination occasioned by vagotomy was not observed. 

Partial gastrectomy was followed by slight regurgitation during feeding, 
but there was no esophageal dilatation or retention of barium; the esophagus 
became and remained completely empty after the last swallow of barium had 
entered the stomach. When transabdominal vagotomy was performed simultane- 
ously with partial gastrectomy some regurgitation during feeding and slight 
retention of barium extending into the lower thoracic quarter of the esophagus 
resulted. Complete emptying, however, was found twelve minutes after the 
cessation of feeding. 
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DISCUSSION 

In the normal rat the entrance of food into the esophagus was followed by 
a sequence of events whereby the food bolus was transported readily and with- 
out interruption into the stomach. Appreciable interference with this orderly 
progression was noted after vagal section, and variations occurred in relation 
to the point of nerve section. 

When both vagus nerves were simultaneously sectioned at any point between 
the diaphragm and the cardia, the coordination between the esophagus and the 
cardia was completely interrupted, so that food arriving at the terminal portion 
of the esophagus was commonly held up at the cardia for varying periods. 
Nonetheless it was felt that cardiospasm, such as has been described in man and 
in some animals was not present as food entered the stomach during or shortly 
after feeding. In addition, when the cardia was rendered more patent and the 
vagus nerves were divided at. this level, the subsequent course of events was 
more rapid and more disturbed than after vagotomy alone. It was thought that 
this temporary halting was due to mechanical factors, the crisscross arrangement 
of muscle fibers at the esophagogastric junction presenting an obstruction to 
food in the dilated abdominal portion of the esophagus. The retention of barium 
which was observed in the abdominal portion or the lower thoracic portion of 
the esophagus, or in both, and which was present for long periods after the 
cessation of feeding, also was thought to be mechanical in origin. At the 
diaphragm and at the cardia the diameter of the esophagus increased little, if 
any, so that at these points relative narrowing was present when compared with 
the diameters immediately above and below, and a virtual obstruction resulted. 

Another feature of transabdominal vagotomy was that of regurgitation of 
barium, during and after feeding, from the stomach into the abdominal or thoracic 
portion of the esophagus. Zeller and Burget,? working with dogs, noted receptive 
relaxation of the cardia and stomach when the upper portion of the esophagus 
was distended, and found that this coordination was destroyed by vagal section 
in the neck. In this study in the rat, transabdominal vagotomy was followed 
by interruption of such coordination. Often the first barium swallowed was 
seen to enter the stomach directly, where it was retained for one to two seconds. 
It was then regurgitated suddenly into the abdominal or thoracie portion of 
the esophagus, or both. This regurgitation was not related to respiratory or 
abdominal movements and was commonly seen throughout the feeding period. 
In some instances it was more pronounced in the interval which followed removal 
of the barium meal and was noted to persist for as long as three hours. The 
expulsion of gastric contents into the abdominal or lower thoracic portion of the 
esophagus would frequently initiate a contraction wave which would travel in 
an antiperistaltie manner and would drive the barium to the level of the first 
rib or even to the pharynx. 

Marked dilatation of the abdominal, thoracic, and sometimes cervical por- 
tions of the esophagus was present after transabdominal vagotomy, the greatest 
increase in diameter being in the lower thoracic portion. At necropsy the 
esophageal wall was seen to be thin, flaccid, and greatly dilated. It was felt 
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that this dilatation was the result of an atonie dilated stomach acting as a 


+ 
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reservoir from which food material was regurgitated into the esophagus, and 
from the chaotic disordered esophageal movement, rather than from interruption 
of the nerve supply to the esophageal wall itself. Support for this opinion was 
afforded by the following points: 


1. Dilatation or disorder of the esophagus was not seen to follow complet 
gastrectomy in which the vagal fibers were of necessity severed in the same posi 
tion as in some types of vagotomies. Also, when partial gastrectomy was com- 
bined with vagotomy, comparatively little regurgitation and retention occurred. 
It was interesting to note that once the esophageal disturbance was established, 
neither complete nor partial gastrectomy produced any amelioration. 

2. Atony and paralysis of the esophagus followed vagal section at points 
above the lung roots, but not when section was performed at lower levels. Regurgi- 
tation was not a feature in the group when vagotomy was performed at a high 
level. The complete esophageal paralysis was manifest in the manner in which 
the wide column of barium was driven slowly down the esophagus by the impact 
of each bolus of food, and by the animal’s attempts to swallow during feeding. 

3. In transabdominal vagotomies and in those instances in which section 
was definitely limited to the site immediately above the diaphragm, active and 
frequent contractions of the esophageal walls were observed, and regurgitation 
was present. 

As a result of the interferences with the normal progression of food from 
the pharynx into the stomach, two main groups were noted. In one group the 
disturbance was sufficiently severe to prevent adequate intake of food, and the 
animals died from inanition, usually about the eleventh day after operation. In 
the other group intake of food was sufficiently reduced to cause an initial rapid 
loss of weight, but subsequently enough nourishment was obtained to maintain 
this low weight or to cause a gradual and sustained gain. 

The series followed was too small to provide the basis for a definite opinion, 
and it was recognized that all of the svmpathetie fibers to the stomach and eardia 
may not have been interrupted; however, the removal of the celiac and superior 
mesenteric ganglia combined with section of the splanchnic nerve was found not 
to alter the behavior of the animal. When this operation was performed prior 
to, or with, bilateral transabdominal vagotomy, it was shown that esophageal 
dilatation and regurgitation still oceurred. This result was in contrast to the 
observations made on the cat by Knight,’ but was similar to the findings in the 
dog by Zeller and Burget,? and in the same animal by Hwang, Essex, and Mann.‘ 


SUMMARY AND CONCLUSION 


In the rat, dilatation of the esophagus, especially the thoracic portion, regur- 
gitation, and retention of food were noted to result from transabdominal vagal 
section, and from transthoracic section where the point of transection was 
located immediately above the diaphragm. 

This interference with the normal progression of food down the esophagus 
resulted in the death of twelve of forty animals. 
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Operations designed to render the cardia more patent were found to increase 
the severity of the symptoms which followed vagal section. 

The presence of some or all of the stomach was necessary for the develop- 
ment of the esophageal disorder, but once established, no alteration of the con- 
dition was produced by complete or partial gastrectomy. 

Bilateral vagotomy at levels higher than a point immediately below the lung 
roots was shown to cause complete esophageal paralysis and death in all cases. 

No alteration of the course which followed transabdominal vagotomy was 
occasioned by interruption of the sympathetic nerve supply to the stomach and 
eardia either prior to, or when combined with, section of the vagus nerves. 
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THE EFFECT OF ACTH ON AUTOGENOUS AND HOMOLOGOUS 
SKIN GRAFTS IN RABBITS 


Bruce C. Martin, M.D., THomas W. Moraan, M.D., And 
CHARLES G. Lovincoop, M.D., CoLumBus, OHIO 


(From the Department of Surgery and the Surgical Laboratories, Ohio State University 
College of Medicine) 


URING the past two decades transfer of human skin from one individual 
to another has been extensively studied and documented. Excluding the 
transfer of skin from one identical twin to the other, it is presently accepted 
that these homologous grafts do not survive permanently. However, evidence 
of growth does persist for four to six weeks, following which the grafts in- 
variably undergo degeneration. Medawar,'~ in a series of we!l-controlled rabbit 
experiments, has postulated that the antigen-antibody reaction with its resultant 
immune response accounts for the ultimate disappearance of the homologous 
skin in recipients. The reported effectiveness of ACTH in controlling the im- 
mune response’ has suggested that homologous skin grafts might persist perma- 
nently or at least survive beyond the usual four- to six-week period if ACTH 
were given to inhibit this immune reaction. Whitelaw*® has recently reported 
survival of homoijogous pinch grafts longer than sixty days in one burn patient 
treated with ACTH. It therefore becomes apparent that if homologous skin 
ean be aided to survive for prolonged periods the treatment of severe burns will 
be greatly facilitated. 

In conjunction with similar studies on human subjects, we have performed 
a series of homologous skin grafts in rabbits using ACTH in one group, and 
observing other grafted animals as controls. Free, full-thickness skin grafts 
were used despite increased difficulty in obtaining ‘‘takes,’’ to prevent con- 
fusion with regard to healing by scar epithelium. If growth of full-thickness 
homologous skin could be obtained with ACTH therapy, split-thickness skin 
might be expected to survive more readily. 


EXPERIMENT 


Sixteen adult, well-nourished rabbits weighing 5 to 8 pounds were selected 
lor the experiment. They were grouped in pairs, and sites for taking the 
grafts were selected on the back of each animal adjacent to the scapula bilater- 
ally. Six rabbits were used for grafting and treatment with ACTH, while ten 
rabbits were to act as controls, receiving no hormone. 

Intraperitoneal Nembutal anesthesia was employed and full-thickness skin 
measuring 3 em. square was removed from the two areas outlined on the back 
of each animal. Transfer of the grafts was accomplished according to the 
diagram in Fig. 1. The skin from the left side of each animal was transferred 
to the right side of the same animal so that each rabbit might act as his own 
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control. The skin from the right side of each animal was in turn transferred 
to the left side of the companion rabbit to act as the homologous graft. Bolster- 
type dressings of lambs’ wool were applied and sealed with collodion. The 
hind legs were hobbled in plaster of Paris to prevent the animals from disturb- 
ing the operative field. Following the initial portion of the experiment, hobbling 
was found to be insufficient for protection of the grafts. Control animals had 
to be repeated using thin plaster of Paris jackets over the grafts. 

The ACTH was administered in a dosage of 4 mg. per kilogram per day, 
given in equal doses at eight-hour intervals. The therapy was started twenty- 
four hours prior to operation and continued for twenty-two days. The response 
to the hormone was measured by daily eosinophile counts for three days, and 
subsequently, every three days for twenty-two days. An adequate therapeutic 
response was obtained in all the animals. Biopsies were taken of all the grafted 
areas at the completion of the experiment. 


ACTH IN HOMOLOGOUS SKIN GRAFTING 


PLAN OF STUDY 
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Fig. 1.—Diagram showing the method of transfer of skin. Grafts from the left side 
of each animal were transferred to the right side of the same animal, while the graft from 
the right side was transferred to the left side of the companion rabbit. 


Previous reports have shown maximal] viability of homologous split-thickness 
skin grafts in rabbits to be about ten days. Accordingly, dressings were re- 
moved and grafts inspected on the tenth postoperative day in this experiment. 
At this time the autogenous grafts were observed to be growing in all subjects 
receiving ACTH, as evidenced by apposition of skin edges, growth of hair, and 
texture of the graft. By contrast, the homologous grafts had already become 
hardened, contracted, and discolored, with separation of skin edges indicating 
little, if any, possibility of eventual survival (Fig. 2, A). Evidence of sear 
epithelium growing beneath these grafts was obvious by the fourteenth post- 
operative day. 

Degenerative changes in the homografts continued steadily, along with 
concomitant sear epithelization beneath the contracted edges from the neriphery, 
until the homologous grafts had disappeared completely, as shown in the photo- 
graph taken on the twenty-sixth postoperative day (Figs. 2, C and 3, B). On 
the other hand, the autogenous grafts showed that healing had taken place at 
the margins of the grafts, and in some the hair was growing in the opposite 
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Fig. 2.—Photograph of the grafted areas at A, ten days, B, eighteen days, and ©, 
twenty-six days. Note the difference in color, contraction, and separation of skin edges 
early as the tenth day in the homologous grafts. 
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direction where the transplants were inadvertently turned around (Fig. 3, B). 
Biopsies of these transplants disclosed a microscopic picture of the usual fibrosis 


and scarring. 
A. 

















B. 


Fig. 3.—Photograph showing grafted areas at eighteen days and twenty-six days. The 
homologous graft is ready to slough while the autogenous graft is growing. Note the hair 
growing in the opposite direction in B, where the autogenous graft was inadvertently turned 
around. A, Series A, No. 11, eighteen days. B, Series A, No. 11, twenty-six days. 


In the control group of animals none of the homologous grafts were viable 
on the tenth postoperative day, and of the autogenous grafts, only 60 per cent 
survival was obtained. This decrease in ‘‘takes’’ of autogenous grafts of the 
control group could be explained by the extent to which the animals disturbed 
the operative field. This impression was borne out by the animals that were 


9? 


placed in plaster of Paris jackets, where 100 per cent ‘‘takes’’ of autogenous 
crafts were obtained. 
It becomes apparent from the above described experiment that little benefit 


can be expected from ACTH as an adjunct in aiding the survival of homologous 
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full-thickness skin grafts in rabbits. Likewise, we have gained the impression 
that the healing and survival of autogenous full-thickness grafts have not been 
greatly influenced by ACTH therapy. 


CONCLUSIONS 
1. The survival of full-thickness homologous skin grafts in rabbits is not 
prolonged by the use of ACTH. 
2. Healing of autogenous grafts takes place at a normal rate despite treat- 
ment with ACTH. 
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THE USE OF THE THERAPEUTIC ‘‘WATER BED” IN 
SURGICAL LESIONS 


RupoLPH DEMEL,* VIENNA, AUSTRIA 


HE concept of treating disease by immersion is not new. As early as 1832 

both Neal Arnoth in England and Beaupre in France had treated decubitus 
uleers by prolonged baths. In 1855, when von Langenbeck recommended the 
‘‘water bed’’ for the treatment of large wounds, he stated that patients could 
be kept in water for long periods of time, from days to months. 

The prolonged bath therapy was first introduced in Austria by Ferdinand 
von Hebra in 1861, and was recommended as an important adjunct to therapy. 
In 1877 Hans von Hebra reported the beneficial effects of this therapy in surgi- 
eal lesions (gangrene of the skin and subeutaneous tissues), as well as in 
dermatological lesions (burns, psoriasis, pemphigus, ete.). 

The significance of continuous water bed therapy for the treatment of 
surgical lesions was really appreciated in Vienna during World War I. At the 
beginning of the war, Riehl reported the striking effects of this form of therapy 
on gangrene, phlegmon, and severe ulcerative processes, and stated that he had 
never seen a wound infection develop under water bed therapy. The method 
received a full seale test after 1917, when Eiselberg and Riehl succeeded in 
setting up a water bed ward of approximately twenty beds in the Allgemeines 
Krankenhaus. Reports from Ejiselberg and von Sacken covered a number of 
diseases to which this therapy was applicable, together with the advantages and 
drawbacks of the method. Other authors, in particular B, Pfab of the Klinik 
Hiselberg, studied its application to civilian surgery and investigated its modus 
operandi as well as the effect of the therapy upon the individual as a whole. 

As the basis for prolonged bath therapy has become firmly established, the 
interest in this form of treatment has steadily increased. Water bed installa- 
tions were organized in almost all large hospitals in Vienna and in many pro- 
vincial hospitals as well. In this way a large proportion of Austrian physicians 
have come to appreciate the advantages of this form of therapy, and today it 
is considered one of the most important methods of treatment. Because of this 
background, we have been very interested to learn from foreign visitors that the 
method is almost unknown elsewhere, and that this therapeutic modality was 
first seen by them in our hospitals. 

In the following paragraphs I wish to indicate briefly the indications for 
water bed therapy in surgery on the basis of our own experiences. Its use in 
other specialties—dermatology, gynecology, ete.—will not be discussed because 
of space limitation. 

The construction of a water bed has gone through many changes from the 
primitive form to the modern. The bed described by Hebra was made of wood, 
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264 DEMEL 
while the modern bed is made entirely of metal. Some of the tubs have doubk 
walls to prevent rapid cooling of the warm water. The tub is filled with wate: 
at 30° C., as this temperature is most agreeable to the average patient. The 
desires of occasional patients for slightly higher temperatures should be ful 
filled. At the head end of the tub there are the usual fixtures to provide for a 
mixture of hot and cold water. The temperature may be controlled manually 
or by thermostat. At the foot end there are two outlets, as well as an emergence) 
outlet to prevent overflow. 

The water is changed daily, at which time the entire device is cleaned. In 
the tub there is a metal spring bed frame with adjustable head and foot pieces, 
mattress, pillow and bed linen upon which the patient lies. This bed frame is 
best equipped with a hoist arrangement so that it may be lifted in and out of 
the water at will. 

From the surgical viewpoint, water bed therapy should be considered, and 
is recommended, for the following : 

1. Decubitus Ulcers—The fresh, progressing bed sore comes to a standstill 
in a few days because, due to buoyancy, the involved tissues are no longer sub- 
jected to pressure and may recover. Necrotie tissue demarcates and sloughs 
rapidly, and as there is no pressure obstacle to vascularization, rapid growth of 
epithelium is secured. Old, neglected, and extensive bed sores which have re- 
sisted treatment in the conventional bed ean be checked and eventually healed. 
This is, of course, in the event that the individual resistance and ability to re- 
generate tissue has not been unduly depressed. In particular, the paraplegic 
patients whose decubitus ulcers appear shortly after acquired injury belong 
in this group. Abundant evidence of the value of this therapy was seen in 
wartime. If the diagnosis of complete cord severance can be made, there is no 
place for laminectomy, but if the decubitus ulcers can be healed in the water 
bed, these patients are freed from the risk of ascending infection (pyelo- 
nephritis) and its consequences (amyloidosis). Many of these patients can be 
made ambulatory with braces. I have seen a number of these patients who have 
become self-supporting. 

Even for those hopeless patients with evidence of urinary sepsis, the water 
bed is of inestimable value, as it permits them to spend their last days in com- 
fort, free from the torture of frequent dressing change. 

2. Phlegmon.—Severe phlegmons of soft tissue, particularly of the but- 
tocks and upper thigh, are benefited, as the tissues are no longer injured by the 
weight of the body, and the patient is free from the frequently painful change 
of dressings, unavoidable in the dry bed. 

Patients with dangerous pelvic phlegmon, as well as those with parasacral 
infection following sacrorectal resections, are also grateful subjects for this 
therapy. The therapy holds equal advantages for abdominal wall infections 
following operation for suppurative peritonitis (perforated appendicitis, per- 
forated duodenal or gastric ulcer, gangrenous cholecystitis), and for operations 
for strangulated hernia with infection of the hernia] sac and gangrene of the 
bowel. 
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It goes without saying that all wound interstices must be widely open be- 
fore the patient is placed in the water bed. The wound must be opened suf- 
ficiently wide to provide easy access to the water. Profuse wound secretion de- 
ereases rapidly after but a few days, and necrotic tissue falls off and is replaced 


by granulation tissue. 

Open amputation wounds, when infection is feared because of pre-existing 
gangrene or suppuration, show a tendency toward rapid healing. As long as 
there is no bare bone visible, slough of dead tissue occurs and epithelization be- 
gins, and in most cases skin grafting or plastic surgery is not necessary. 

3. Postradiation Ulcer—The water bed has a favorable influence on the 
poor healing of the postradiation ulcer (von Sacken, Kummer). After two or 
three months of treatment, these defects stabilize and begin to epithelize, 
although no previous therapeutic modalities have been of any aid. 

4. Closure of Fistulas——The water bed is one of the most certain methods 
to obtain spontaneous closure of various fistulas. Among these are biliary 
fistulas (postcholeeystectomy without operative injury to the ductal system or 
after cholecystostomy), fistulas with pancreatic secretions (after extensive 
stomach resection for ulcer or carcinoma of the stomach), duodenal fistulas (after 
resection for distal ulcers or after exclusion resection with stump blowout), fecal 
fistulas (after injury, ileostomy for ileus, gangrene or phlegmon of the bowel, 
suture dehiscence, lateral colostomy), and urinary fistulas (after injury, cystos- 
tomy after prostatectomy ). 

The effect of continuous irrigation and the disposal of water waste products 
protects the surrounding skin from eczema and maceration, and, in consequence, 
spontaneous closure of the fistula obviates further surgery. 

Lipped fistulas will require operative closure, since their nature makes 
spontaneous cure impossible. Even in these cases, the water bed is of great 
value in the care and preparation of the surrounding skin, and radical closure 
is thereby facilitated. 

5. Fractures With Phlegmon Complications.—Compound fractures compli- 
cated by soft tissue phlegmon, and gunshot fractures threatened by gas 
phlegmon, are frequently aided by water bed therapy, whereas, with the con- 
ventional therapy, amputation is a frequent consequence. Water bed therapy 
does not contraindicate skeletal traction through the caleaneus. The fractured 
lower extremity, for example, is placed on a Braun’s frame with skeletal trac- 
tion, and the entire apparatus placed in the water bed. Abscesses and soft 
tissue pockets must be widely incised beforehand. 

The favorable constitutional effects of water bed therapy, as well as its 
influence upon wound healing, may be explained by the following results of 


this therapy: 

1. During therapy the leucocyte count is increased by one-third, with a 
decrease in the lymphocytes and increase in myelocytes. 

2. During the stay in the water bed, blood pressure falls from 20 to 30 
mm. of mereury. The most marked depression oceurs after the third or fourth 
day. Pressure returns to normal within three to four hours after the patient 
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is removed from the water. The blood pressure drop is due to the heating 
effects of the surrounding water, and to complete muscular relaxation. This 
blood pressure drop also explains the unfavorable influence of this therapy upon 







cardiae lesions. 

3. Prolonged water bed therapy produces an increased flow of wound 
secretion. The centripetal exudation also prevents deposition of bacteria from 
the water into the wound, and subsequently into adjacent tissue. 






4. The inhibition of pathogens from stool and urine is caused by the oligo- 
dynamie action of the heavy metals with which the tub is lined. Copper, lead, 
and zine are the most potent of the metals. 

B. Pfab has shown that the activity of the oligodynamic substances is 
greater upon pathogens than nonpathogens. (P. Sax! states that the oligo- 
dynamic activity is physical, as the amount of metal which dissolves in the 
water is so small as to be demonstrable with difficulty, or present in such minute 
quantities that chemical activity is highly improbable. ) 

The removal of bacteria by the continuous flow of water combined with the 
oligodynamie activity necessarily influences suppurative processes. F'urther- 
more, the bactericidal effect on pathogens and the increased exudation must play 
large roles in the healing process. 

5. The diminished energy consumption and caloric needs while in the bath 
cause greater deposition of food elements and an increase in weight, which ex- 
plained to some extent the improvement in over-all status. 



















CONTRAINDICATIONS 





Patients with circulatory disturbances, heart failure and myocardial de- 
generation, as well as those with pneumonia or bronchitis, tolerate water bed 
therapy very poorly. Thorough study of the eardiae and pulmonary status is 







highly advisable. 
Patients with open empyema represent absolute contraindications. 












ACCIDENTS DURING THERAPY 








Nursing personnel must be constantly alert to prevent scalding of patients. 
They alone handle the intake valves as patients are inclined to increase unduly 
the heat of the water. With modern installations, an alarm system is available 
to prevent damage due to overwarm water. 






The danger of drowning is prevented by the placement of rolled sheets 
under the axillas. The sheets are fastened to the bed which is upright in back, 
so that the patient cannot slip down. The patient must be prevented from 
drinking the water and from getting water in the ears to avoid pneumonia and 







otitis. 
If bronchitis, pneumonia, or heart failure become apparent, the patient 
must be shifted to a dry bed immediately. 
Blood coagulation on the wound surfaces is decreased in comparison to dry 
Consequently, the risk of late hemorrhage is increased, and particular 







therapy. 
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attention must be given to wounds with drainage, large raw surfaces (open 
amputation stumps), and small wounds from skeletal traction if secondary 
hemorrhage is to have timely treatment. 

Aside from these dangers, many patients have unpleasant sensations in 
the first few hours of water bath therapy, which later disappear. Cachectic 
and markedly anemic patients complain of headache and excessive perspiration 
the first twelve to eighteen hours, during which time the face becomes alternately 
flushed and pale. This so-called ‘‘wasserbett kater’’ (‘‘kater’’s resembles a 
‘‘*hangover’’) goes away after a few hours and, at the worst, after the first day. 
During the first two or three nights some patients complain of insomnia, which 
is also transient. In most cases annoying discomforts in the palms and soles 
develop due to softening of the skin, usually at about the third day. The dis- 
comfort lasts about two to three days and ceases when the thickened skin is 
cast off. Repeated applications of eastor oil to the soles and palms help alleviate 
the discomfort. 

The application of tar is useful therapy against the water bed eczema and 
water bed mycosis which begin with mild itching. A. day of dry treatment 
causes these skin lesions to disappear. 

In these few lines I cannot fully demonstrate the already proved thera- 
peutic aid that continuous water bed therapy offers to medicine in general. Be- 
cause this method is still little known and appreciated in other countries, I have 
discussed the method only enough to show the surgeon that in many cases water 
bed therapy can aid his patient, even to the extent of making the terminal stages 
of certain diseases more comfortable. 











BIOLOGICAL PROPERTIES OF STARCH SPONGE AND 
STARCH SPONGE POWDER 


N. V. Riccuruti, B.A.,* Camp LEJEUNE, N. C. 


HE ideal sponge for internal application must be readily absorbed and 

produce no allergic or local tissue reactions, and should aid hemostasis. Thx 
potentialities of starch sponge were investigated by Bice, McMasters, and Hil- 
bert’ who first suggested its use in surgery in 1944. The simple method of 
production (freezing, thawing, and drying a 5 to 10 per cent starch paste), ease 
of sterilization, low cost, and long storage life have been factors which recently 
have aroused military interest in the sponge. 

Objective studies on the physiologic properties of the starch sponge re- 
ported in the literature are limited. Correll, Prentice, and Wise,? in 1945, in- 
vestigating chiefly the gelatin sponge, included results concerning starch sponge 
implants in rat muscle. It was not until 1949, however, that any extensivi 
clinical or experimental investigations were reported by Rosenfeld. The ex- 
perimental work was on rabbits and was concerned for the most part with hemo- 
stasis, but the results of leaving large pieces of starch in the peritoneal cavity 
were also included. 

The present study was designed to investigate (a) the physiologic absorp- 
tion of the starch sponge, (b) local tissue reactions to sponge implants, and (¢) 
its hemostatic properties. 


SERIES I: ABSORPTION STUDIES 


Methods.—F ive mongrel dogs weighing 10 to 19 kilograms were anes- 
thetized by an intravenous injection of 20 mg. of sodium pentobarbital per 
kilogram of body weight. Sterile surgical procedure was employed throughout. 
A dry, sterile starch sponge{ was inserted between the loops of the intestine 
through a midline incision mto the peritoneal cavity. The peritoneum was 
closed with sutures and another sponge of approximately the same size and 
weight implanted subeutaneously. A control animal was subjected to the same 
operative procedure but received no implant. Three of the animals were sacr'- 
ficed at intervals of 6, 24, and 48 hours. At autopsy the free peritoneal fluid 
and the subeutaneous fluid were removed, centrifuged at 1,500 r.p.m. for 19 
minutes, suspended in water and tested for starch with I.-KI reagent. The 
supernate was tested for sugar with Benedict’s qualitative reagent. Since the 
blood and tissue fluids normally contain sugar in low concentrations, trace re- 
actions for sugar were recorded as negative. From the 3 remaining animals 


The opinions or assertions contained herein are the private ones of the writer and are 
not to be construed as official or reflecting the views of the Navy Department or naval service 
at large. 
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*Department of Physiology, Naval Medical Field Research Laboratory. 

Supplied by the Starch and Dextrose Division, Northern Regional Research Laboratory, 
Bureau of Agricultural and Industrial Chemistry, Peoria, IIl. 


268 














ss ig BIOLOGICAL PROPERTIES OF STARCH SPONGE 969 
subeutaneous fluid at the site of implantation was aspirated and similarly tested 
at the end of 72 and 96 hours. These animals were spared for extended observa- 
tion of local effects, healing, and adhesions, the results of which are included 
more appropriately with the animals of Series II. 

Results——One-half hour after implantation, palpation of the subcutaneous 
implant revealed that the edges had become rounded and the surfaces soft. A 
firm mass was still present after an hour but the sponge was impalpable two 
hours after implantation. At the time of autopsy (6, 24, and 72 hours) 10 to 
12 ml. of sanguineous, viscous, subeutaneous exudate was recovered from each 
animal. When centrifuged, 50 per cent sedimentation resulted. The sub- 
cutaneous fluid aspirated from the 3 surviving animals at 96 hours was much 
less viscous and contained less than 2 per cent sediment. Serosanguineous peri- 
toneal fluid, 90, 40, and 20 ml., was recovered from the 6, 24, and 72 hour 
animals respectively. The peritoneal fluid from the 6 hour animal contained ap- 
proximately 5 per cent sediment by volume; the fluid from the 24 and 72 hour 
animals less than 0.5 per cent by volume. 

From these data it is apparent that (a) the hydrolysis of starch into sugar 
occurs more rapidly in the peritoneal cavity than in the subeutaneous tissues, 
indicated by the early presence of sugar in the peritoneal fluid; (b) the ab- 
sorption of the sponge from the peritoneal cavity is complete within 24 hours, 
demonstrated by a negative test for sugar at this time; and (ec) the hydrolysis 
and absorption of the subcutaneous implant is accomplished within 72 hours, 
indicated by negative starch and sugar tests on the subeutaneous exudate. 


SERIES II: LOCAL EFFECTS 


This series was designed to determine whether increased inflammation or 
excessive adhesions occur in the presence of starch sponge, and to determine 
the effect of starch sponge on wound healing and the formation of sear tissue. 
Since starch sponge powder (ground starch sponge) has possible applications 
as a hemostatie on bleeding surfaces, this form of the substance was also studied. 

Methods.—Five mongrel dogs were anesthetized as previously described. 
Bilateral symmetrical incisions approximately 5 em. in length were made 
through the skin over the scapular area. Into one was sprinkled 0.25 Gm. of 
ground starch sponge; the other incision served as a control. Both wounds were 
closed with 0 braided silk suture and dressed with a dry gauze bandage. No 
local medication was used, but each animal received 300,000 units of procaine 
penicillin in peanut oil with aluminum monostearate intramuscularly one hour 
prior to surgery. The wounds were observed for inflammation and the progress 
of healing 3 times daily up to the fifth day. On the fifth day the skin sutures 
were removed and the wounds observed daily thereafter. The animals were 
sacrificed 30 days after the implants were made, and the treated and control 
wound areas were excised and fixed in 10 per cent formalin. Frozen sections 
were prepared and stained with Lugol’s iodine. The surviving animals from 
Series I were similarly observed for a period of 30 days and then sacrificed. 

Results—In all 5 eases in Series II, minor local edema occurred in both 
(he experimental and control wounds. The swelling attained its maximum size 
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on or about the second day. The edema gradually decreased and disappeared 
by the ninth day. No difference in healing between the control and the experi 
mental wounds was apparent and after 30 days the sears could not be differ 
entiated by gross inspection. Sections through the healed incisions wer 
negative for starch particles. 

Careful examination of the peritoneal cavities of the 3 animals reserved 
from Series I showed no evidence of adhesions 30 days after the implant 
Grossly, the sites where the subeutaneous implants had been made revealed no 
excessive scar tissue. Microscopic examination of sections through the im 
planted area were negative for starch particles. 


SERIES III: HEMOSTATIC QUALITIES 


Hemostasis is aided by a material which mechanically retards or stops the 
flow of blood until the normal clotting mechanism occurs, or by a material 
which accelerates the clotting mechanism. This study was designed to deter- 


mine the effects of starch powder on coagulation and to demonstrate the 
mechanical action of the sponge on hemostasis. 

Methods.—The coagulation time studies were made in vivo by the following 
technique: The temporal muscles of a dog were exposed and the loose fascia 
removed. A highly vascular field composed of small vessels overlies the muscle 
in this area. A small vessel (arteriole) approximately 0.1 mm. in diameter 
was severed and the first few drops of blood were removed with a gauze sponge. 
An electric timer controlled by a foot switch was started as the next drop 
formed and a clean glass rod (diameter 0.5 to 1.0 mm.) was repeatedly drawn 
through the drop. As soon as the first fibrin strand adhered to the rod the 
time was recorded. The field was sponged dry and three drops allowed to form 
from the same bleeder. The field was sponged again and the procedure repeated 
with a clean glass rod, the tip of which carried by adhesion the substance to 
be tested. Clotting times were thus determined in the presence of starch and 
thrombin.* Thirty alternate starch-control-thrombin determinations were made 
on each of 5 bleeders, for a total of 150 tests in this group. This method was 
used in place of an in vitro technique to obtain relative times more indicative 
of the events actually occurring at a bleeding surface. Normal blood, and blood 
in the presence of starch, clot more slowly in vitro than in vivo, whereas blood 
in the presence of excess thrombin clots almost instantaneously both in vivo 
and in vitro; thus the relative clotting times determined by routine in vitro 
methods would be misleading. 

Observations on the mechanical effect of starch sponge on hemostasis were 
made by the following method: The external jugular vein of a dog was exposed 
and punctured with an 18 gauge needle. A weighed starch sponge was placed 
over the puncture and maintained with just sufficient pressure to assure good 
contact but not to collapse the vein. After one minute the sponge was removed 
and reweighed. Since there was no leakage between the sponge and vessel, tlie 


*Thrombin, Topical (Bovine Origin) Parke, Davis & Co., Detroit, Mich. 
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vain in weight was taken as the amount of blood lost before hemostasis occurred. 
This procedure was repeated with an ordinary gauze sponge. Five similar 
determinations were made. 

To ascertain that the results were not a measure of the absorptive efficiency 
of the sponges, the animal was heparinized and the procedure described above 
repeated. 

Results—The clotting time studies show that by this method no statisti- 
cally significant difference exists between the mean clotting time of normal blood 
and that of blood in the presence of starch. The mean clotting times obtained 
were 11.9 + 2.1 seconds for untreated blood, 10.7 + 2.0 seconds for blood to 
which starch had been added, and 3.6 + 1.0 seconds for blood to which thrombin 
had been added. The clotting time difference between the untreated and 
thrombin-treated blood is highly significant. 


TABLE I. SUMMARY OF THE RESULTS OF THE ABSORPTION STUDIES 








WEIGHT OF SPONGE TIME AFTER | ML. FLUID 
(IN GRAMS) * IMPLANT STARCH SUGAR RECOVERED 
IP | sc (IN HOURS) ir | sc | w | sc IP | se 
4.0 4.0 6 - + 90 12 
4.0 3.5 24 - ~ 40 10 
3.7 3.9 48 - - 20 12 
3.5 3.6 72 
96 
4.0 72 
96 
3.7 3.5 72 
96 




















* Density approximately 0.13. 
IP = Intraperitoneal. 
SC = Subcutaneous. 


The study comparing the effectiveness of the gauze and starch sponges in 
the control of normal bleeding from a punctate wound shows that with the 
starch sponge less loss of blood occurs. The average gain in weight for 5 tests 
with the starch sponge was 0.22 + 0.02 Gm. as compared with 0.40 + 0.07 Gm. 
for the gauze sponge. After heparinization, however, the gain in weight was 
approximately the same (0.81 + 0.08 Gm. for the starch and 0.74 + 0.04 Gm. for 
the gauze sponges) indicating that under these conditions both sponges are 
equally effective as absorbents. 

Discussion.—These studies have shown that the absorption of the sponge 
is accomplished very rapidly, but is accompanied by an acute accumulation of 
serous fluid. These experiments do not demonstrate whether this is a specific 
tissue reaction to the starch or a nonspecific foreign-body reaction. However, 
the initial reaction does not appear to interfere with wound healing or to 
promote excessive scar tissue or adhesions. In this study it was not possible 
to demonstrate the presence of starch 30 days after the implant. However, 
Correll, Prentice, and Wise? * implanted thrombin impregnated pledgets of 
starch sponge in the femoral muscle of the rat and found fragments through 
the fiftieth day. 
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The presence of starch material does not significantly accelerate the clotting 
mechanism. Its hemostatie action therefore appears to be due to a mechanica! 
action. The sponge, when applied to a bleeding area, softens, and conforms 
to the contours of the surface, and rapidly absorbs the free blood. When 
exposed to the large surface area in the sponge capillaries, the blood promptly 
This area of the sponge is now incapable of absorbing blood and prevents 


clots. 
the further loss of blood by mechanically damming the flow. 
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PERIPHERAL BONE METASTASIS FROM CARCINOMA 
OF THE RECTUM 
REVIEW OF THE LITERATURE AND REPORT OF AN UNUSUAL CASE 
CHARLES A. BESKIN, M.D.,* Boston, MAss., AND WARREN G. ATWoop, M.D.,** 
Fatt River, Mass. 


(From the Surgical Service, Truesdale Hospital, Fali River, Mass.) 


ETASTASIS to bone from carcinoma of the rectum is generally considered 

to be a rare occurrence. Reports of such metastases have appeared in the 
literature from time to time, and the percentage of incidence has varied from 
0.5 per cent to 10.5 per cent. It is difficult to arrive at a valid estimate of actual 
incidence, since some of the reports are based on a small series of earefully studied 
autopsy eases, while other estimates are based on larger case record series, in 
which the lesion was discovered by x-ray or actual biopsy. Aufses, in 1930, was 
able to find only sixteen reported cases of metastasis to bone from carcinoma of 
the rectum in a careful search of the literature back to 1870. To these he added 


an additional eight cases from his own study. It must be remembered, however, 
that inasmuch as x-ray survey of the skeleton was not commonly done prior to 
1930, such metastases probably often went unnoticed. Since Aufses’s report 
several notable additions to the subject have been made, and bone metastasis in 
carcinoma of the rectum is no longer acknowledged to be the rarity it was twenty- 


five years ago. 

Nevertheless, metastasis to the peripheral long bones from carcinoma of 
the rectum is still a distinct rarity. Weston’s review of the literature in 1942 
revealed only five reported cases of metastasis to the humerus. Earlier, Bacon 
in studying a series of 366 cases of carcinoma of the rectum found two instances 
of metastasis to the femur. Abrams has reported a case with metastasis to the 
fibula, and Johnson and Janes reported a most unusual occurrence of metastasis 
to the talus in a patient with generalized metastases from carcinoma of the 
rectum. Decker and Fash very recently added a case with metastasis to the 
tibia. 

Although the primary purpose of this report is to present an unusual case 
of metastasis from carcinoma of the rectum, the accompanying table is added to 
show more clearly the background of earlier studies and the relative distribution 
ot reported metastases. The authors were unable to find any reported incidence 
of metastasis to the foot, other than the previously noted metastasis to the talus. 


Received for publication June 25, 1951. 
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The following case is remarkable in that it represents a solitary bony 
metastasis to the left fourth metatarsus, it being the only demonstrable metastasis 
in clinieally a well patient six months after abdominoperineal resection for ear- 


cinoma of the rectum. 
CASE REPORT 

H. T. (No. 98125, 101494), a well-developed, well-nourished, unmarried 52-year-old white 
woman, entered the Truesdale Hospital for the first time July 4, 1950, with a chief complaint 
of rectal bleeding of four months’ duration. She had enjoyed excellent health until about four 
months prior to admission at which time she began to note a small amount of bright red blood 
with each bowel movement. There had been no associated abdominal pain, change in bowel 
habits, or weight loss. System review and past history were both negative. Proctosigmoidos- 


Fig. 1.—Anteroposterior roentgenogram of left foot showing almost complete destruction of 
fourth metatarsal by metastatic tumor. 


copy performed prior to admission revealed a polypoid, fungating lesion in the rectosigmoid, 
biopsy of which disclosed adenocarcinoma. A barium enema done in the outpatient department 
showed a filling defect in the rectosigmoid consistent with a neoplastic lesion. 

Physical examination on admission revealed the abdomen to be soft, with no palpable 
masses and no evident liver enlargement. Rectal examination could not digitally delineate 
the previously observed and biopsied rectal mass. 

July 7, 1950, at operation, an anrular, polypoid, fungating tumor of the rectosigmoid 
was found. There were several adjacent, firm, enlarged lymph nodes, but the liver and perito- 
neal cavity were grossly free of metastases. A one-stage combined abdominoperineal resection 
of rectum and distal 12 em. of sigmoid was done. The microscopic diagnosis was adenocar- 
cinoma with twelve of fourteen lymph nodes containing metastatic tumor. The patient was 
discharged on the twenty-fourth postoperative day with a functioning colostomy and a well- 
healed perineal wound. 

About four months following discharge from the hospital she began to note pain and 
tenderness over the laterodorsal aspect of the left foot, which made walking uncomfortable. 
These symptoms increased in severity and became associated with persistent swelling of the 
dorsum of the left foot together with a mild degree of redness. There was no history of 
trauma to the extremity, and the patient was well otherwise. She was readmitted to the 
hospital Feb. 12, 1951, and physical examination at this time revealed her to be in good 
general health. Examination of the left foot disclosed a moderate degree of pitting edema 
and redness of the entire dorsum of the foot with exquisite tenderness over the lateral aspect. 
There were no ulcerations, and the remaining examination of the extremities was negative. 
Roentgenograms of the foot showed destruction of the left fourth metatarsal, with only the 
head and neck remaining (Fig. 1). 
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The other bones of the foot showed a generalized demineralization without localize 
areas of destruction. Films of the other foot, the skull, thorax, spine, pelvis, and long bone 
revealed no areas of localized bone destruction, 

On Feb. 18, 1951, the lesion of the fourth metatarsal was explored. A semicystic mass 
was found, largely filled with dark brown fluid and soft, pinkish-gray, pultaceous tissue grossly 
resembling tumor tissue, which bled profusely. Pathologic report of the biopsied tissue was: 
metastatic adenocarcinoma, consistent with the site of crigin in the rectum (Fig. 3). Com 
parison of the metastatic tissue with the primary tumor of the rectosigmoid showed many 
areas wherein the tumor cells were identical. 

The biopsy wound failed to heal per primum after six days, and a course of x-ray 
therapy was begun. Between the dates of Feb. 24, and March 6, 1951, 2,000 r, measured in 
air, were delivered to each of two 6 by 8 em. ports covering tlie dorsal and plantar aspects otf 
the metatarsal, the estimated tumor dose being 3,840 r. At the end of ten days of therapy 
the pain, tenderness, and swelling had largely subsided. The wound showed almost complete 
secondary healing on March 8, 1951, and the patient was discharged feeling comfortable and 
having no other systemic complaints. 


Fig. 2.—Low-power photomicrograph of primary carcinoma of rectum showing char- 
acteristic papillary adenocarcinoma. 

Fig. 3.—Low-power photomicrograph of section of biopsy from metastatic tumor of 
metatarsal bone showing similarity to primary rectal lesion. 


SUMMARY 


1. Incidence of bone metastasis from carcinoma of the rectum varies from 
0.5 to 10.5 per cent in a review of reported cases in the literature. The vertebrae, 
pelvis, and ribs are the most common sites. Peripheral bone metastasis is a 
distinetly rare occurrence and is almost always associated with generalized vis- 
ceral and skeletal spread. 


2. An unusual case is presented of a pathologically proved solitary metasta- 
sis to the left fourth metatarsal bone from carcinoma of the rectum, six months 
postoperatively, in a patient otherwise well. 
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INTUSSUSCEPTION OF ILEUM THROUGH PERSISTENT 
OMPHALOMESENTERIC DUCT 


REVIEW OF THE LITERATURE AND REPoRT OF Two CASES 


THOMAS C. Moore, M.D., ANp Harris B. SHUMACKER, JR., M.D., 
INDIANAPOLIS, IND. 


(From the Department of Surgery, Indiana University Medical Center) 


F " geeesypoinnss anomalies resulting from faulty or incomplete obliteration 
and disappearance of the embryologic omphalomesenteric duct are rela- 
tively common, complete patency of the duct is quite rare. Kittle, Jenkins, 
and Dragstedt,?*> who collected 104 uncomplicated eases from the literature, 
reported that complete patency of the omphalomesenteriec duct occurred in 
only two infants in over 30,000 births at the Chicago Lying-in Hospital. 

The most serious complication resulting from complete patency of the 
omphalomesenterie duct is the intussusception or prolapse of ileum through 
the duct onto the abdominal wall, leading ultimately, in untreated cases, to 
strangulation and gangrene of the involved intestine. Peake,?* in 1811, was 
the first to deseribe this unusual occurrence. The excellent reviews of this 
subject by Cullen™ and Kittle, Jenkins, and Dragstedt?* include summaries of 
thirty cases’ ** 7 % 1% 12-33 which had appeared in the literature up to 1947. 
Three additional cases have subsequently been deseribed by Clark,® Bronaugh,® 
and Arnheim.’ 

Twenty-two of the thirty-three cases were reported prior to 1900. All of 
the reports have been of single cases with the exception of the deseription in 
1885 of two cases by Théremin.*® Owing to rarity of this condition and the 
very few reported instances of its successful treatment we feel it advisable to 
report two cases recently treated by operative reduction of the intussusception 
and resection of the persistent omphalomesenteric duct. 


CASE REPORTS 


CASE 1.—The patient was a 6-day-old white male infant who was admitted to the hos- 
pital on Nov. 28, 1949, for study because of known congenital heart disease. He had been 
born by cesarean section and weighed 7 pounds and 2 ounces at birth. He had experienced 
considerable respiratory difficulty during his first six days of life and the existence of other 
congenital anomalies in addition to congenital heart disease was suspected. Physical exam- 
ination at the time of admission was essentially within normal limits except for the presence 
of a left facial paralysis and a loud systolic mumur over the left precordium. Examination 
of blood and urine revealed relatively normal findings. 

The patient suffered from progressive respiratory difficulty necessitating continuous 
oxygen therapy and frequent aspirations of the nasopharynx. Mild cyanosis was occasionally 
noticed. Roentgenographic examination of the chest revealed evidence of marked cardiac 
enlargement. 

On December 21, the discharge of fecal material from a previously normal-appearing 
umbilicus was first noticed. This discharge continued, with excortication of the adjacent 


Received for publication, June 7, 1951. 
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abdominal wall, until December 27, the infant’s twenty-ninth day of life, when approximately 
10 em. of mucosal-covered, inverted small bowel suddenly prolapsed through the umbilicus 
onto the abdominal wall (Fig. 1). 

The patient was immediately taken to the operating room, and under Vinethene-ether 
anesthesia a circular incision was made around the protruding bowel, including a small rim of 
skin. The incision was continued down to the peritoneum and the involved intestine was 
freed. On examination it was discovered that an intussusception of ileum into a persistent 
omphalomesenterie duct had occurred. The intussusception was easily reduced, the omphalo- 
mesenteric duct was excised, and the defect in the ileum was closed transversely with inter- 
rupted inverting sutures of fine silk. The wound was approximated in layers with interrupted 
fine silk sutures. The infant tolerated the procedure well. However, the patient’s previous 
respiratory distress continued postoperatively. His respiratory excursions became in- 
creasingly rapid and shallow. His cyanosis increased, and he expired on December 29. 


Fir. 1.—Photograph showing the prolapsed ileum in Case 1. 


On post-mortem examination, the heart was found to be considerably enlarged. The 
right ventricle was two to three times larger than the left ventricle and the right auricle was 
greatly distended. There was a large anomalous communication between the aorta and the 
main pulmonary trunk just distal to the base of the heart. The ductus arteriosus and the 
foramen ovale were widely patent. The left superior vena cava had persisted and com- 
municated with the right atrium by way of the coronary sinus. Microscopic examination of the 
lungs revealed bilateral patchy intra-alveolar hemorrhage. The closure of the ileum was intact 
and there was no evidence of peritonitis. Congenital heart disease with cardiac failure was 
regarded as the cause of death. 

CASE 2.—The patient was a 12-day-old white male infant who was admited to the hos- 


pital on Jan. 28, 1951, for treatment of a mucosal-covered mass which had prolapsed through 
the umbilicus onto the abdominal wall eleven hours prior to admission. The parents stated 
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that the infant first passed fecal material through the region of the umbilicus at 7 days of 
age when the umbilical cord sloughed away. Although small amounts of feces were passe 
through the umbilicus, the bulk of the feces was excreted by rectum. Since the first protrusior 
of the mass onto the abdominal wall, it had become progressively larger and darker in color. 
The infant had vomited once, shortly after the prolapse. 

On physical examination, an edematous, dark red, mucosal-covered, T-shaped mass 
measuring approximately 12 by 6 by 6 em. was seen to be protruding from the region of th 
umbilieus (Fig. 2,4). Both ends of the T-shaped mass were open and presumbly represente: 
inverted small bowel. The physical examination was otherwise normal, The temperature ani 
laboratory findings were within normal limits. The patient’s weight was 7 pounds and § 


ounces. 


-Photographs showing (A) the prolapsed ileum before operation 
the abdominal wall after surgical repair. 


The patient was operated upon one hour after admission under Vinethene-ether anes 
thesia. The peritoneal cavity was entered through a mid-left rectus incision. It was dis- 
covered that both afferent and efferent segments of ileum had intussuscepted through a 
persistent omphalomesenterie duct (Fig. 3). The mass was freed by a circular incision through 
the junction of the skin and the inverted omphalomesenterie duct. The distal portion of 
the omphalomesenteric duct was incised to permit the disinvagination of the involved ileum. 
Both ileal segments appeared viable although there was some dilatation of the ileum in the 
area of the origin of the omphalomesenteric duct. The omphalomesenteric duct was excised 
and the defect in the ileum was closed with interrupted, inverting fine silk sutures. Thie 
small defect in the umbilical region was closed in layers with silk sutures preserving the ap 


pearance of an umbilicus, and the left rectus incision was similarly closed in layers with 


interrupted sutures of fine silk. 
The postoperative course was completely uneventful. Gastric suction by means of 4 


Levine tube was maintained during the early postoperative period and parenteral feedings 
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were carried out through a small polyethelene tube inserted into an ankle vein. The patient 
received penicillin, sulfadiazine, and streptomycin postoperatively. When the patient was 
discharged from the hospital on February 5, he was taking his formula well and was having 
normal bowel movements. 

The infant was seen several times in the outpatient department and 
He was gaining weight and his wounds were well healed (Fig. 2, B). 


appeared to be 


doing nicely. 
He was readmitted on March 7 for treatment of an early high small intestinal obstrue- 
He was operated on shortly after admission and a mechanical obstruction of the 


tion. 
The postoperative 


jejunum due to adhesive bands was released by division of the adhesions, 
course was again uncomplicated and the patient was discharged on April 6, weighing 11 pounds 
and 4 ounces. The hospital stay was prolonged in order to give the infant ACTH in an effort 
to reduce the likelihood of subsequent difficulty from reformation of intraperitoneal adhesions, 


The patient has done well since discharge. 
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Fig. 3.—Diagrammatic drawing of the intussusception in Case 2. 


DISCUSSION 
The sex distribution of infants suffering from intussusception of ileum 
through patent omphalomesenteric duct is predominantly male. Information 
concerning the sex of the patients is available in twenty-eight of the thirty- 
five reported cases, including our two cases. Twenty-six were male while only 
two were female. The same tendency toward male predominance, although 
to a lesser degree, is to be observed in the uncomplicated cases of patent omphalo- 
mesenteric duct summarized from the literature by Kittle, Jenkins, and Drag- 
stedt. Of the eighty-three cases in which the sex was given, seventy-one were 
male and twelve were female. Thus, 87 per cent of the patients with persistent 
omphalomesenteric ducts reported in the literature have been male. 
The ages of the infants at the time of the prolapse are of interest. The time 
0! this occurrence has ranged from birth to 7 months of age, the majority of 
such episodes oecurring in the first four weeks of life (Table I). The time 
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interval from the first appearance of fecal drainage in the umbilical area to th 
intussusception of the ileum onto the abdominal wall is known in twelve cases 
and ranged from 5 days to 7 months (Table IT). 










TABLE I. AGE OF THE PATIENTS AT THE TIME OF PROLAPSE 








AGE AT TIME OF | NUMBER OF 








PROLAPSE CASES 
Under 7 days 4 
1 to 4 weeks 20 
1 to 6 months 10 
Over 6 months 1 












TABLE II. TIME INTERVAL FROM THE APPEARANCE OF A FECAL FISTULA TO PROLAPSE 





~ NUMBER OF | 



















INTERVAL CASES 
1 to 7 days 5 
1 to 4 weeks 4 
1 to 7 months 3 
















The therapeutic results, until recently, have been most discouraging. In 
thirteen cases no effort was made to correct the intussusception surgically. All 
of these patients died although there was a question of spontaneous reduction 
and limited survival in two of them.** *° 

Various operative measures were carried out in twenty-two cases, inelud- 
ing simple incision of the umbilical ring in an effort to effect a reduction of 
the intussusception, reduction of the intussusception and excision of the 
omphalomesenterie duct with closure ot the ileal defect, and occasionally 
resection of nonviable ileum with the omphalomesenterie duet. Cutler’? de- 
seribed, in 1924, a ease treated by reduction of the prolapse and excision of 
the omphalomesenterie duct, which survived long enough to be discharged 
from the hospital nine days postoperatively but died a short but unspecified 
time later. The first long-term postoperative survival was reported in 1947 
by Kittle, Jenkins, and Dragstedt.** Their case had been operated upon in 
1948 by Dr. Dragstedt and a resection of the intussuscepted mass and a side- 
to-side ileal anastomosis had been carried out. In 1947, Bronaugh® deseribed a 
successful resection of nonviable ileum and omphalomesenterie duet with end- 
-to-end ileal anastomosis and in 1950, Arnheim? discussed a successful case in 
which 4 em. of ileum had been resected with the persistent duct, followed by a 
side-to-side ileal anastomosis. Death occurred in all of the other cases treated 


















by operation. 

The appallingly high reported mortality (89 per cent) associated with this 
condition is misleading, since most of the cases were treated before the de- 
velopment of modern surgical techniques and contemporary concepts of pre- 
and postoperative care. It is significant that only one death has occurred 
in the five operative cases, including our own, reported since 1947, and that the 
single death among these resulted from congenital heart disease rather than 
from factors associated with the operative procedure. Future results in the 
treatment of intussusception through a persistent omphalomesenteric duct 
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should be much improved with early surgical intervention, our safer modern 
anesthesia, and the judicious use of such measures as gastric suction, parenteral 


fluid therapy, and antibiotics. 
SUMMARY 


1. Two eases of intussusception of ileum through a persistent omphalo- 
mesenteric duct have been presented. In both cases the intussusception was 
reduced and the omphalomesenteric duct was excised. One infant survived while 
the other died in the early postoperative period as the result of severe pre- 
existing cardiae failure, secondary to congenital heart disease. 

2. Thirty-five cases from the literature, including our two eases, have been 
analyzed with certain conclusions : 

(a) Ileal intussusception through a persistent omphalomesenterie duct 
occurs predominantly in male infants. 

(b) The intussusception most commonly takes place during the first 
four weeks of life and is often preceded for several days by the 
development of a fecal fistula in the region of the umbilicus. 

(ce) The over-all mortality of 89 per cent is misleading since most of 
the cases were reported prior to the development of modern thera- 


peutic methods. 
(d) The recently reported cases reveal a marked reduction in mor- 
tality. 
9 y . : bd ° : M4 , . : > a 
3. The importance of early operative intervention and active supportive 


. 


measures is emphasized. 
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SOLITARY MYELOMA OF RIB SIMULATING MEDIASTINAL TUMOR 
REPORT OF A CASE 


LIEUTENANT COLONEL FREDERICK T. MERCHANT, M.D., MepicaL Corps, 
UNITED STATES ARMY RESERVE,* MARION, OHIO 


(From the Surgical Service, Marion City Hospital) 


NTEREST has been directed toward cases of solitary myeloma of bone for 

the past twenty years, but remarkably few cases have been reported or con- 
firmed during that time. <A review of the literature indicates that the term 
‘solitary myeloma’’ is properly applied only to those cases in which a single 
myeloma has remained the sole lesion for an extended period. Some authors 
helieve these lesions are of benign character and that they remain inactive over 
long periods of time. It is not the purpose of this communication to review 
the entire literature on the subject for this has been well done previously by 
Cutler, Busehke, and Cantril,? Aufses,t and Geschickter and Copeland.* A 
recent case has been reported by Nassim and Crawford.® 

It is interesting to note that only three cases of solitary myeloma of rib 
have been reported to date, one by Aufsest and two by Jones.’ In a critical 
analysis by Bichel and Kirketerp? the following criteria were established for the 
diagnosis of solitary myeloma: (a) repeatedly negative sternal biopsies, (b) 
negative bone x-ray studies, (ec) definite pathologic diagnosis, (d) long period 
of observation without generalized spread for cases reported while still living, 
and (e) microscopic examination of the entire skeleton at necropsy. As noted 
by Autses, solitary myeloma must by such criteria be an exceptionally rare 
disease, and one of continuing interest. 

The following case is presented, inasmuch as it meets all of Bichel and 
Kirketerp’s criteria except necropsy which was denied, and also because it 
presents an interesting type of myelomatous disease simulating mediastinal 
tumor. The prior excellent health of the patient, the sudden ineapacity due to 
massive hydrothorax, the size of the lesion, and the persistent negative hone 
roentgenograms and sternal biopsies present a somewhat different picture than 
those previously reported. 

CASE REPORT 
A white woman, aged 64 years, was admitted to Marion City Hospitalt on May 14, 


1949, complaining only of dyspena and orthopnea of three weeks’ duration. She presented 


no other complaints. She was first seen by her physician three days prior to admission, at 
which time a diagnosis of congestive heart disease was made on the basis of her complaint 
and an apparent peripheral edema. History revealed a gradually increasing dyspnea over 
the three weeks’ period, but no evidence of marked swelling of the extremities. There had 
been no antecedent illness, and no complaint of fever, chills, respiratory infection, cough, 
Received for publication, June 18, 1951. 
" *Surgical Consultants Division, Office of the Surgeon General, Department of the Army, 
ishington, 
*On the medical service of Dr. M. M. Weinbaum. 
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pain, hemoptysis, or change in general body functions. She had always enjoyed good healt 
and denied any major illness, surgical operation, or hospitalization. Family history was 
markable only for longevity. She was seen again at home by her physician on May 14, 
which time he noted a marked shift of the mediastinum and heart to the left, with flatness 
to percussion over the entire right chest and absent breath sounds. On admission to hospital! 
the same day he performed right thoracentesis, and aspirated 3,500 ¢.c. of slightly blood 
tinged amber fluid. However, the remaining fluid level still obscured the right lung field on 
x-ray examination, and he made further unsuccessful attempts to evacuate the pleural cavity. 
Bacteriologic and pathologic studies of the fluid showed no evidence of infection or tumor 
cells. I was called in consultation on May 19, 1949, and the case was subsequently trans 
ferred to my surgical service. 

Examination.—Physical examination showed an obese woman with no gross evidence 
of illness or weight loss, resting quietly in bed without undue respiratory distress. Tempera- 
ture was 36.8° C., pulse 80, respiration 20, blood pressure 118/80, height 66 inches, and weight 
190 pounds. Physical findings relative to the head, neck, extremities, abdomen, pelvis, and 
rectum were normal. Neurological examination was not contributory. The trachea was 
shifted toward the left and the apical cardiac impulse was in the left mid-axillary line. The 
right lung field was noted to have a fluid level to the fourth rib posteriorly, with flat percus- 
sion note over the entire chest below this level, and with absent breath sounds. Distant 
breath sounds were noted above the level of the fourth rib. Excursion of the chest was 
limited on the right. The diaphragm could not be identified for position or motion. Heart 
sounds, rate, and rhythm were normal. Roentgenograms taken on May 14 and 15 were re- 
viewed, and for the most part revealed only the massive right hydrothorax and mediastinal 
shift to the left. Blood findings were: hemoglobin 12.4 Gm., red cells 4.7 million, white 
cells 17,000 (polymorphonuclears 90 per cent, lymphocytes 8 per cent, monocytes 2 per cent). 
Kahn-Kline serology test was negative. Urine was clear, acid, specific gravity 1.035, albumin 
negative, sugar negative; microscopic examination showed scattered pus cells only. Pleural 
fluid: specific gravity 1.02; culture, no growth; smears, no organisms; pathologie study, no 
tumor cells, Electrocardiography was normal. (Bence-Jones protein test was not done at 
this time.) 

During the period May 20 to 24, repeated efforts were made to aspirate completely the 
right pleural cavity without success. Finally on May 25 the patient was taken to the operat- 
ing room where trochar and catheter drainage was established and the pleural cavity 
drained in stages. 

Roentgenograms were then taken which demonstrated a large tumor mass in the lower 
right pleural cavity, which was interpreted by the roentgenologist as a large pulmonary cyst. 
The description was as follows: An opaque, round, sharply-outlined, soft tissue mass was 
present in the lower half of the right lung anteriorly. This measured approximately 13 cm. in 
diameter. It obscured the right cardiac border and the medial half of the right diaphragm. 
A streak of increased density was present, superior to the mass. This was probably a 
small area of atelectasis. The rest of the lung fields were clear. The mediastinum was in 


normal position. The impression was a soft tissue mass, right lung, probably a pulmonary 


cyst. 

This diagnosis was not concurred in by me, however, and on May 26, bronchograms 
were made which revealed the mass to be extrapulmonary (Fig. 1). This mass appeared to 
arise from the mediastinum and could not be projected away from the area on the chest 
wall in fluoroscopic examination or oblique x-rays. The roentgenologist however, still believed 
the mass to be a pulmonary cyst in the right middle lobe. A diagnosis of anterior mediastinal 
tumor, probably dermoid, with intrapleural projection was made by me following consideration 
of the various possibilities. Rib structure beneath the tumor mass could not be made out on 
the roentgenograms. The patient was prepared for surgical operation. 

Operation.—On May 27, right thoractomy was performed under endothracheal anesthesia, 
using a posterolateral approach and resecting the seventh rib subperiosteally. A large, 12 by 
S em. (420 Gm.) dull red, friable, encapsulated tumor mass was found arising from the 
anterior portion of the thorax in the region of the fourth and fifth ribs. There was no 
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distinct pedicle, but dissection revealed that the tumor arose from the fifth rib, which was 
almost completely replaced by the lesion over a distance of 5 to 6 cm. The entire tumor 
together with the involved rib was resected. The mass nearly filled the lower pleural cavity, 
but there was no fixation by adhesions or extension, and the lung was normal, although com- 
pressed. A section of the fourth rib was also taken and dissection carried well into the 
subpectoral space. The patient’s postoperative course was uneventful, and the drainage tube 
was removed in forty-eight hours. A slight hydrothorax developed, which was completely 
removed by two thoracenteses and did not recur. A postoperative diagnosis was made of 


probable sarcoma. 





A. LP. 
Fig. 1.—A, Posteroanterior roentgenogram of right chest, Lipiodol bronchogram, showing 


the tumor mass and adjacent normal lung structure. B, Oblique views further demonstrating 
the tumor mass and lung. 


Pathologic Examination.—When the pathologist* reported the tissue, however, he made 
« diagnosis of multiple myeloma with typical amyloid deposits. The pathologic report in 
detail: Sections displayed a mixed picture including some areas of neoplasia, large areas of 
neerosis and hemorrhage, extensive inflammatery response to hemorrhage and necrosis, 


*Dr. Horace B. Davidson. 
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and large masses of material appearing to be amyloid deposits. The neoplastic patter: 
was fairly constant in areas of necrosis and was characterized by fairly closely packed 
uniform-appearing cells with a rather abundant, somewhat vacuolated, moderately eosi: 
ophilic cytoplasm, and eccentric nuclei with prominent spoke-like distribution of chromati: 
At times these cells had several nuclei. They could be fairly definitely identified a 
plasma cells. The accompanying hemorrhage necrosis and inflammatory response were 
more or less expected in this type of tumor. The unusual feature was in the form of larg: 
amorphous masses of pink material histologically appearing to be amyloid. In many areas 
there were multinucleated foreign body giant cells around such masses. Diagnosis was multi 
ple myeloma with atypical amyloid deposits (Fig. 2). The diagnosis of myeloma was con 
firmed by subsequent and more detailed studies by the pathologist. X-ray studies on the 
skeleton were then made which failed to reveal any other evidence of the disease. Sternal 
biopsy was normal. There was no Bence-Jones protein in the urine. The diagnosis of thie 
case was therefore changed to solitary myeloma of the rib. The patient was discharged 
from the hospital on June 13, 1949, in good condition. 

Follow-up.—Following discharge from hospital, the patient was given a full course of 
deep x-ray therapy to the right chest region and had no severe irradiation effects. She was 
seen at weekly intervals for three months, biweekly for two months, and thereafter at 
monthly intervals until September, 1950. During this period her weight remained constant, 
she carried on her usual household activities, and claimed good health. Repeated bone check 
by x-ray failed to reveal any evidence of other bony lesions. Sternal biopsies on June 2s, 
1950, and Sept. 7, 1950, showed only mild hyperplasia without significant plasma cells. Chest 
x-ray examination revealed no evidence of recurring lesion in the chest wall, nor recurrence 
of hydrothorax. I last saw the patient on Sept. 19, 1950, at which time she was referred 
to a medical associate for further observation, since she was complaining of back pain and 
abdominal swelling, and I was leaving the city for an extended period. 

She was readmitted to hospital on September 20, where abdominal paracentesis pro 
duced 6,000 ¢.c. of slightly cloudy amber fluid. Pathologie study of the fiuid demonstrated 
no tumor cells. There was an anemia of 67 per cent hemoglobin and red cells of 2.98 million, 
with white elements of 9,350. Blood urea nitrogen was 19.7 mg. Bence-Jones protein was 
negative. The physician felt that she had developed abdominal metastasis although this could 
not be proved. On October 5 she was readmitted for study following further deep x-ray 
therapy. There was pitting edema of the lower extremities, blood pressure 150/90, and 
recurrence of abdominal fluid following the x-ray therapy. General examination was not 
remarkable except for the distended abdomen, and the blood and urine pictures were essen- 
tially unchanged. Aspiration again produced 6,000 ¢.e. of clear fluid which failed to reveal 
pathologie cells on study. She was transfused twice and discharged. 

Her last admission was Oct. 29, 1950, when she was readmitted for further blood 
transfysions and study. In the interval since previous hospitalization she had felt well, 
appreciably stronger and able to carry on her house work. She had continued to receive 
x-ray therapy. General examination was still within normal limits. The chest was clear 
and examination of the bony structure normal. Blood examination showed the persistent 
low-grade anemia, but urine examination was normal, and blood urea nitrogen 17 mg. Shie 
was given four blood transfusions, the last on November 2, following which she had a severe 
chill and became semicomatose. Her temperature remained normal, but she developed clinical 
icterus, ecchymosis, decreased urine output and blood urea nitrogen rose to 47 mg. On 
November 7 she developed convulsions, became completely comatose, and died. A final diag 
nosis of solitary myeloma of rib with probable abdominal metastasis with ascites, hypo 
chromic anemia, and terminal hepatorenal failure was made by the physician. Transfusion 
reaction with complicating lower nephron syndrome could not be excluded. Permission for 
autopsy was urged, but the family refused this examination despite the excellent reasons 
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COMMENT 


Review of the literature indicates that cases of solitary myeloma are rare 
and involvement of a rib even more unusual. The case presented has satisfied 
the criteria of Bichel and Kirketerp except for the performance of necrops) 
and the microscopic study of the skeleton. The exact diagnosis in this case was 
not made until after surgical excision and pathologie study of the specimen, fo 
previous studies, roentgenograms, and the appearance of the mass did not sug 
gest its true nature. The size of the tumor would indicate that it had existed 
over an extended period of time in spite of the very brief duration of symptoms 
and the apparent tolerance until the onset of ever increasing hydrothorax. 
This would tend to support the belief that the myelomatous disease was indeed 
solitary and that the duration was much longer than the known interval between 
diagnosis and death. It is believed that this case does present a true solitary 
myeloma of rib even though it was not possible to obtain autopsy material for 
final investigation. Throughout the period of study and observation sternal 
biopsies, x-rays, and other cellular examinations failed to reveal the existence 
of any other than the primary rib tumor. The ease would seem to refute the 
view propounded by Cutler and others that solitary myelomas are benign in 
nature in contrast to cases of multiple disease. It is true, of course, that the 
period of postoperative observation lasted but eighteen months, which period 
may be too short to permit acceptance that general bone marrow spread would 
not have occurred. Metastasis to the abdomen with ascites was suspected, but 
not confirmed. However, the rib remained as the sole primary lesion. 


SUMMARY 


1. An unusually large solitary myeloma of rib is presented and added to 
the limited literature on the subject. It is especially interesting in that it 
simulated a large mediastinal tumor, and was further thought by the roentgen- 
ologist to be a pulmonary eyst. 

2. It is believed that this ease represents a true instance of solitary myeloma 
of rib in view of the pathologie study of the original tumor, the negative x-ray 
examinations over eighteen months’ time, the persistently negative sternal bone 
marrow biopsies, and the fairly long period of observation without evidence of 
generalized bony spread. 
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RUPTURE OF THE NORMAL ESOPHAGUS 
Report oF A Case WitH Recovery FoLLOwING UNUSUAL COMPLICATIONS 


N. H. Krarrt, M.D.,* ann FeL_rx A. HuGHEs, Jr., M.D.,* Mempuis, TENN. 


giclee of the apparently normal esophagus may result from violent 
vomiting or severe coughing. Recovery from this usually lethal accident 
has been reported infrequently and only in recent years.?-* *-® 1!-!© The ease re- 
ported below indicates the course of a patient who was denied the conventional 
early surgical therapy because of an existing blood dyscrasia, and further sug- 
gests that conservatism may lead to disastrous results. 


CASE REPORT 


F. G., a 55-year-old white farmer, was admitted to Kennedy Hospital at 2:15 P.M. 
Dec. 5, 1950. About 7 a.M. the day of admission the patient had a paroxysm of coughing 
after breakfast, a not unusual occurrence for him. During the coughing, there was sudden, 
severe, sharp pain in the lower posterior chest bilaterally with radiation ‘‘into the top of 
his head.’’ Immediately thereafter, he vomited a small amount of ‘‘tan’’ fluid. He be- 
came’ extremely weak, and was assisted to bed. The pain was continuous, aggravated by 
deep breathing and movement. A physician found the blood pressure to be ‘‘70,’’ ad- 
ministered a ‘‘large’’ dose of morphine and advised hospitalization. The opiate lessened 
the pain very little and the patient developed severe thirst during the trip to the hospital, 
a distance of 115 miles. 

During a previous admission in 1947, he had been found to have a hemorrhagic dis- 
order of an obscure type, resembling familial purpura simplex. This was manifested by 
development of ecchymotic areas beneath the skin either spontaneously or subsequent to 
mild trauma. The ecchymoses appeared infrequently, were never disabling. Treatment 
with rutin resulted in improvement, therapy being continued following discharge. The 
patient was advised against future operation unless no other possible form. of therapy 
could be employed. The past history was not otherwise significant. 

Physical Examination.—Physical examination revealed an acutely ill, pale, slightly 
cyanotic, dyspneic white man complaining of severe posterior chest pain. Oral temperature 
was 97° F., pulse 136 per minute, and respirations 44 per minute. Purpuric areas were 
noted on the right upper arm. The right external jugular vein was markedly prominent. 
Breathing was rapid, shallow, and associated with groaning. Percussion note was dull and 
breath sounds were diminished over both lung bases. Rhonchi and rales were audible over 
both lung fields. Blood pressure was 120/70. The heart was not enlarged. No cardiac 
murmurs were heard. The abdominal muscles were very tense, making accurate palpation 
difficult. Generalized abdominal tenderness was noted. Peristaltie sounds were not heard. 
Rectal examination revealed a tan stool and a slightly enlarged prostate. 

Laboratory Findings.—White blood count was 7,300, neutrophils 75 per cent, lympho- 
cytes 13 per cent, monocytes 12 per cent, red blood count was 5,300,000, hemoglobin 15.1 Gm., 
hematoerit 48 per cent. Urine pH 4.5, specific gravity 1.020, albumin trace, sugar negative, 
microscopic sediment contained a rare white blood cell. 


_ Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are a result of 
ee own study and do not necessarily reflect the opinion or policy of the Veterans Adminis- 
ration. 
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A portable chest roentgenogram was reported to reveal pneumonitis in the left low 
lune’ field. 

Hospital Course.—Gastric aspiration by Levine tube produced 1,000 ¢.c. of tan-colon 
fluid; catheterization produced 300 ¢.c. grossly normal urine. About two hours after 
mission the appearance of cervical subcutaneous empliysema was noted. Chest roentge: 
grams taken about 7:00 P.M. revealed evidence of left pleural effusion with blunting of t 
right costophrenic angle. Left thoracentesis produced dark brown, turbid, watery fluid 
sembling old hemolyzed blood. No significant odor was noted. Testing with Toepfer’s 
agent revealed no free acid in the aspirated fluid. The diagnosis of spontaneous rupture 
the esophagus was made and the patient transferred to the Thoracic Surgical section. Open 


exploratory thoracotomy was considered but discarded because of the fear of serious hemo 


rhage due to the hemorrhagic disorder. Continuous gastric suction by indwelling Levine 














Fic. 1. Fig. 2. 
Fig. 1.—Admission roentgenogram (portable). 
Fig. 2.—Roentgenogram following Lipiodol swallow. A, Out-pouching of diverticulum in 


midportion of esophagus. 8B, Retrocardiac air and fluid collection. CC, Lipiodol escaped into 
posterior mediastinum. 


tube was instituted. A No. 24 Foley catheter was inserted through the left seventh inte 
costal space in the midaxillary line by trocar and cannula and connected to underwater seal 
drain. About 500 ¢.e. of the dark brown, turbid fluid were evacuated. Oxygen was ad 
ministered by nasal catheter. Penicillin, 200,000 units every six hours, and streptomycin, 1 Gm. 
daily, with appropriate intravenous fluids were given. Morphine was only partially effective 
in control of pain, the patient continuing to moan at frequent intervals during the first 


‘ 


twenty-four hours, Rectal temperature rose to 104° F. the night of admission and did not 
fall to normal for several days. Sixteen hours after admission the blood pressure had dropped 
to 50/0, The pulse was feeble but regular at 100 per minute, the skin was warm and dry, 
and the superficial veins appeared mildly distended. The patient responded poorly to ques 


tions, appearing too ill to bother. During the second hospital day the blood pressure rose té 





70/50, the pulse became better in quality, and the patient appeared improved. By the t! ird 









day, blood pressure was stabilized at about 120/80, drainage through the thoracotomy tube 
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was minimal, the subcutaneous emphysema was clearing, and urinary output was adequate 
with parenteral fluids. Nasal oxygen was discontinued. On the fourth day gastric suction 
was discontinued. Physical and rcentgenologic examinations revealed evidence of atelectasis 
of the left lung, which cleared readily after tracheal catheter suction. The intercostal 
catheter was removed on the fifth day, as there was no drainage and the lung was well ex- 
panded. General improvement continued until the seventh hospital day when a precordial 
friction rub was noted. Increased amounts of intrapleural fluid and air were noted on the 


roentgenogram. 
Thoracentesis produced 200 e¢.c. of thin, muddy-colored, turbid, foul-smelling fluid. 
Oral intake of food and fluid had been denied throughout; nutrition was maintained by 
parenteral glucose-protein hydrolysate solution and vitamins in hopeful anticipation of 
natural healing of the rupture. Increase in the empyema and intrapleural air indicated 
persistence of the rupture. On the ninth hospital day a roentgenogram made following a 
swallow of iodized oil apparently revealed the site of esophageal rupture to be just below 
the left main bronchus. Collections of air, fluid, and oil were noted in the posterior medi- 
astinum as well. A short segment of the eighth rib was resected and the empyema drained 
The following day a Levine tube 


with a large rubber tube connected to an underwater seal. 
Transfusions of whole blood were 


was passed into the stomach and tube feeding begun. 
used to correct the secondary anemia. 

Some of the feedings appeared in the thoracotomy drainage fluid. Gradually hepatic 
enlargement, dependent edema, and distention of superficial veins appeared. The pre- 
cordial friction rub persisted. Fluoroscopy revealed progressive cardiac enlargement 
with diminished pulsations. Electrocardiogram tracings were consistent with pericardial 
inflammation. Salt was removed from the diet and diuretics were given intravenously 
with little reduction in the edema. On the eleventh day, pericardial aspiration produced 
20 ¢.c. of blood-tinged fluid. Repetition on the thirteenth day produced 200 ¢.c. of grossly 
bloody fluid which ran slowly from the needle but could not be aspirated. Eighty c.c. of 
air were injected into the pericardial space. Fluoroscopy now revealed marked thickening 
of the pericardium with loculation of air, but no fluid level was seen. Slight clinical im- 
provement followed. Finally, on the fourteenth day, the absolute necessity for alleviation 
of the cardiac tamponade became apparent. Constant loss of food through the esophagus 
into the chest when injected into the stomach by tube made this method of feeding un- 
acceptable. Leaking of the feedings contributed to the mediastinal and pleural infection. 
The thoracotomy tube was located too high for adequate dependent drainage of the em- 
pyema. 

Two surgical teams were utilized. Incisions were made over the right fourth rib 
anteriorly and in the left upper abdomen. 
of the resected fourth rib. The pericardium was found to be markedly distended, edema- 
tous, somewhat eechymotic, and from 10 to 15 mm, in thickness. A large segment of the 
The pericardial space was filled 


The pleural space was entered through the bed 


pericardium was excised anterior to the phrenic nerve. 
with old hemolyzed bloody fluid and masses of fibrin appearing not unlike a clotted hemo- 
thorax. This was evacuated. The chest was closed after an intercostal Foley catheter was 
Following cardiac decompression, the pulse pressure 


placed for underwater seal drainage. 
At the conclusion of the 


increased 30 mm. Hg. Blood pressure preoperatively was 70/55. 
procedure, it was 120/74. Concurrently a Witzel-type catheter jejunostomy was done by 
the other surgical team.* 

The foregoing procedures were completed with the patient in the supine position. 
He was then turned to the right lateral position, and drainage of the empyema space 
through the bed of the resected eleventh rib was done. The upper drainage tube was re- 
moved and the wound closed with loosely placed sutures. 


Surprisingly, the hemorrhagic disorder added no apparent difficulty to the procedures 


Wich required a total of one hour and twenty-five minutes. 


Charles Jarrell, M.D., and Haynes Sheppard, M.D. 
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Postoperatively there was rapid clearing of edema, venous distention, and hepati 
enlargement. Jejunostomy feedings were begun on the second postoperative day a) 
the right-sided intercostal drainage tube removed on the third day. Fever subsided « 
the fourth postoperative day. On the eighth postoperative day, roentgenograms ma: 
during barium swallow revealed a diverticulum located in the area thought to be the site 
of rupture. No leakage of barium from the esophagus was seen in this area but bari 
was noted subsequently in the posterior lower mediastinum. Some of the barium appeared 
in the thoracotomy drainage tube, as did methylene blue solution taken orally. At this 
time, rupture of the esophageal diverticulum due to coughing was thought to be the cause 
of the esophagopleural fistula. Cautiously the patient was allowed to swallow increasing 
amounts of liquids, some of which continued to appear in the thoracotomy drainage. 
Jejunostomy feedings were discontinued on the twenty-ninth postoperative day, as thie 
patient could now tolerate orally a diet of the convalescent peptic ulcer type. Jejunostom) 
tube was removed on the thirty-second postoperative day. Loss of ingested food and 
fluid through the thoracotomy tube gradually ceased. The subsequent recovery was un 


eventful, and the empyema healed within two months of admission. 





Fig. 3.—Roentgenogram before nartial pericardiectomy. A, Marked enlargement of cardiac 
shadow. B, Minimal collection of intrapleural fluid, left. 





During a follow-up barium study on March 24, 1951, a deformity of the lowe 
esophagus was noted. Comparison with the earlier films revealed this deformity to he the 
site of esophageal rupture, and the esophageal diverticulum to be a matter of coincidence. 
Natural healing of the esophagopleural fistula occurred with resultant deformity as noted 
on the last esophagram. 

He had no dysphagia nor other complaint. 

Follow-up examination on March 24, 1951, found the patient in continued excellent 
health. 

Comment.—So-ealled spontaneous rupture of the apparently normal esoph- 
agus has been the subject of excellent reviews presenting the historical aspects 


in interesting detail.’:**?° The characteristic features leading to the correct 






diagnosis, and the requisites for successful therapy of this clinical entity have 








Volume 31 RUPTURE OF NORMAL ESOPHAGUS 295 
heen emphasized.''!° 1! Further elaboration here of the clinical features, 
physical and roentgenographie findings, and other aids in the diagnosis of rup- 
ture of the apparently normal esophagus would be superfluous. 

This case report demonstrates the fallacy and danger of conservative meas- 
ures in the treatment of the accident. The presence of a hemorrhagic disorder 
in this patient was the principal reason not only for the delay in diagnosis after 
admission to the hospital but also for withholding early definitive operative 
treatment once the diagnosis had been established. Effective evacuation of the 
intrapleural fluid and expansion of the underlying lung were provided by inter- 
costal eatheter drainage. However, adequate decompression of the mediastinum 
was not effected by the intrapleural drainage. This was demonstrated by the 
severe hypotension associated with superficial venous distention, warm dry 
skin, and a moderately rapid pulse rate during the early hospital course. Later 
the irritation of continued esophageal leakage probably caused the pericardial 
effusion. It is believed that the bloody character of the fluid resulted from the 


Fig. 4. Fig. 5. 
Fig. 4.—Roentgenogram three and one-half months after accident. Left anterior oblique 
view revealing A, Diverticulum in midportion. B, Deformity about diaphragm at location of 
rupture, 
Fig. 5.—Roentgenogram three and one-half months after accident. 


patient’s blood dyserasia. Whether or not the blood dyscrasia contributed to 
the delay in spontaneous closure of the esophageal rent is conjectural. Eso- 
phageal leakage persisted in spite of the fact that all oral foods and liquids were 
withheld during the first week of treatment. Later, use of the Levine tube for 
fecding was also ineffective in preventing esophageal leakage. This fact should 
not detract from the recognized value of continuous gastrie suction in the early 
Supportive treatment. 
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In retrospect, the smooth course of this patient during and following t! 
desperate operative measures suggests that early open thoracotomy, adequat 
mediastinal drainage, and suture of the esophageal tear might have been fo 
lowed by a rapid uncomplicated recovery. The important assistance given |) 
the use of large doses of the antibiotics should not be overlooked. 

This case is of interest in two other respects. It is the only one reporte: 
to our knowledge, due to severe coughing. It is also the only instance of ¢! 
accident in which a coincidental esophageal diverticulum has been noted. 


SUMMARY 

1. A ease of rupture of an apparently normal esophagus due to coughing 
is reported. 

2. Recovery was hindered by the pre-existing blood dyserasia to the extent 
that there was delay in diagnosis, inadequate early therapy, and the later ap- 
pearance of cardiae tamponade. 

3. Closed drainage, rib resection drainage, partial pericardiectomy., and 
jejunostomy were performed before recovery was assured. 

4. A diverticulum of the mid-thoracie esophagus was a coincidental finding. 
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SIMULTANEOUS BILATERAL RADICAL NECK DISSECTION 
WITH RECOVERY 


Report or Two CasEs 
S. L. Perzix, M.D., BeverLy Hiuus, CAuir. 


(From the Department of Surgery | Head and Neck Subdivision], Cedars of Lebanon Hospital, 
Los Angeles, Calif.) 


HE operation of unilateral radical neck dissection is a well-established sur- 

gical procedure. Its benefits are so well recognized that the minimal mor- 
bidity and mortality resulting from the operation are accepted as reasonable 
risks. The same is not true for bilateral radical neck dissection performed in 
two stages. In the latter the mortality is reported to be much higher than for 
the unilateral operation. Duffy’ stated that the mortality from bilateral neck 
dissection would most likely exceed the number of cases cured by this procedure. 
Brown and MeDowell? report one death from a subdural hemorrhage among the 
cases in which they performed the staged bilateral procedure. They felt that the 
mortality was due to a considerably raised intracerebral venous pressure. Of 
two eases, Sandberg® reports one death. Modlin® records six and Gius and Grier? 
report eight cases with no surgical mortality. In our nine eases, one patient died 
two hours after surgery without regaining consciousness and with the cause of 
death undetermined at autopsy. Indeed, most of the reports on the mortality of 
staged bilateral neck dissections are based on presumption rather than on facts. 
We, therefore, feel that Martin’s* report of thirty-four cases with no mortality 
establishes the two-stage bilateral neck dissection as a safe procedure. 

The morbidity of the two-stage bilateral procedure is definitely worthy of 
consideration. These patients almost invariably and immediately have marked 
edema and eyanosis of the face. The cyanosis usually disappears in twenty-four 
hours, whereas the edema may even increase for a few days, particularly on the 
side of the second procedure. After about seven to ten days the edema disap- 
pears from the upper half of the face but may persist for months and sometimes 
permanently about the lower half of the face, particularly along the inferior 
mandibular margin. We have not personally observed any psychotic changes 
or disorientation directly attributable to the operation. No reports of eveground 
changes or increased disabling intracranial pressure have been recorded. 

The fact that all reported cases of bilateral radical neck dissection have 
heen two-stage procedures indicates the apprehension existing regarding the 
safety of simultaneous bilateral radical neck dissection. The unknown factor 
has been with respect to the minimal interval which may be allowed to elapse 
before the second neck dissection can be done safely. Here again, there is a 
great divergence of opinion based primarily on impression. Brown and Me- 
Dowell? wait several months and Jorstad and Verda‘ suggest an interval of four 


Presented at the Staff Conference, Cedars of Lebanon Hospital, March 19, 1951. 
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to six months which, they rightfully believe, would make the case inoperable j 
the involved nodes were bilaterally present on entrance. Martin‘ has performe 
a second side neck dissection six days after the first, but prefers to wait thr 

weeks. We have allowed at least three weeks to elapse before performing th 

second side neck dissection. This period has frequently been observed to | 
a safe one. Following such an interval, the patient’s general condition anid 
the local health of the tissues, as determined by healing and loss of inflammator, 










reaction and edema, are usually in a satisfactory preoperative state. It is felt 
that a three-week delay will not jeopardize whatever chances the patient may 
have for recovery. In part, this interval is based on empiricism, for a shorte) 








period, may, if tried, prove just as satisfactory. 











REVIEW 





HISTORICAL 





The constantly shrinking interval which we have observed and experienced 
as being safe has suggested to us the possible feasibility of a simultaneous 
bilateral radical neck dissection. Such a procedure would entail the one-stage 
excision of both internal, both external, and both anterior jugular veins from the 
level of the mandible to the clavicle, and of the main superficial and deep 
lvmphatie chains of both anterior and both posterior triangles of the neck en 
masse. A review of the literature revealed frequent mention of this possibility but 
no recorded cases were found. In 1900, Ewald* reported a case of wide intraoral 
excision combined with a limited bilateral upper neck dissection in whieh only 
about 3 em. of each of the upper ends of the internal jugular veins were excised. 
This patient died in one hour without regaining consciousness. Dangel,’ in 
1905, performed a similar intraoral and bilateral upper neck dissection in which 
he excised not over 4 em. of the upper portions of both internal jugular veins. 
His patient recovered. He manifested facial cyanosis for only about ten minutes. 
In neither case did the surgical procedure involve more than a limited bilateral 
upper neck dissection with excision of only a small section of the internal 
jugular veins. Gius®'! who has reported excellently the venous adaptation 
following the two-stage bilateral radical neck dissection was not aware of any 
reports of bilateral simultaneous excision of the internal jugular veins. The 
series of cases reported and reviewed by Evans’® are not comparahle, as these 
were instances of simple ligation of the upper ends of the internal jugular 
veins in one or two stages. 


















ANATOMY 





Anatomically, the suecessful consummation of simultaneous bilateral radical 
neck dissection is dependent upon the efficacy of the vertebral system of veins 
to take over immediately and adequately the venous drainage from the brain, 
intracranial and extracranial tissues, and the anterior and lateral aspects of 
the neck. This system of vertebral veins, so well described by Batson??"'* and 
Gius,”* "! passes as a plexiform network, primarily in a longitudinal direction, 
hoth intraspinally between the dura and the vertebrae and extraspinally |e- 
tween the vertebrae and the erector spinae group of muscles. Cephalad thie 
system communicates through the foramen magnum with the occipital and 
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basilar sinuses which connect with the major intracranial dural sinuses. In 
addition there are numerous basal skull emissary veins which communicate with 
this system. At all vertebral levels the longitudinal vertebral system of veins 
anastomose transversely with each other and with the intercostal and lumbar 
veins which connect, either directly or by way of the azygos system, with the 
eaval veins. This vertebral-azygos-caval route provides a detour of venous 
return from the brain to the right heart. Usually, the vertebral system of veins 
is constantly functioning and, due to a lack of valves and low venous pressure, 
the blood may travel in either direction. Under abnormal conditions of obstruc- 
tion to the superior caval veins,’* the vertebral system has clinically demon- 
strated its capability of increasing its carrying capacity. Under the cireum- 
stances of a one-sided radical neck dissection this is probably not an important 
factor but when the opposite jugular system is removed the return load is 
primarily shunted to the vertebral system. It was to allow for a compensatory 
increase in the cross-sectional caliber of the vertebral system of veins that an 
interval of several weeks, at least, was established between the two stages of a 
bilateral radical neck dissection. Clinically, the question had not yet been 
answered as to whether or not the vertebral system of veins would be adequate 
to the task of increased venous drainage imposed upon it by the simultaneous 
bilateral removal of the internal, external, and anterior jugular veins and their 
immediate tributaries, between the mandible and clavicle, as would be the case 
in a one-stage bilateral radical neck dissection. Because of the ligation of the 
anterior facial vein in this operation, the return of venous blood from the intra- 
cranial structures by way of the by-pass of the cavernous sinus and ophthalmic 
vein is blocked. In addition, the pterygoid and pharyngeal plexus, the superior 
and middle thyroid veins, the transverse cervical veins, and the common facial 
veins with their posterior facial and occipital anastomoses would be blocked 
off from the jugular system. Under such conditions the only superior caval 
veins assisting the vertebral system would be the inferior thyroid, deep cervical, 
and vertebral veins of the subclavian and innominate veins, and possibly the 
transverse scapular veins by way of the shoulder area and posterior neck regions. 


CASE HISTORIES 


In the two cases here recorded the vertebral system of veins with limited 
superior vena caval assistance was found to be adequate to maintain the venous 
drainage from the brain, and from the intra- and extracranial and neck tissues, 
following simultaneous bilateral radical neck dissection. 


Case 1.—J. B., a 65-year-old man, first saw his physician in June, 1948, for hoarseness 
Which began in January, 1948. At the time, clinically involved and enlarged neck nodes were 
present bilaterally in both upper jugular areas. He received a full course of x-irradiation 
through two ports placed over the neck nodes crossfiring the larynx. Due to glottie obstruc- 
tion, an emergency tracheostomy was performed in June, 1948. Both the primary lesion 
and the metastatically involved upper neck nodes regressed very little. In September, 1948, 
there was still present an ulcerated carcinoma involving the base of the epiglottis, valleculae, 
pre epiglottic space, and base of the tongue. The upper jugular nodes were firm and en- 
larged, especially on the left. The tracheostomy tube was still in place. The patient was 
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weak and anemic and suffering great pain and discomfort. The breath was foul and there 
was a purulent discharge from the tracheostomy stoma and mouth. In June, 1949, tl 
patient was scheduled for a laryngoglossectomy and a left radical neck dissection. Upon t! 
successful completion of this procedure, it was decided to explore the residual, but small 
right upper neck mass. While so doing, a large rent was made in the infiltrated right internal 
jugular vein. The vessel was cleared and ligated above the level of the posterior belly 
the digastric muscle. The immediate reaction to the ligation of the second internal jugula 
vein was a decrease in the blood pressure from 140/70 to 80/50. Subsequently, the blood 
pressure rose steadily during the next hour to a level of 210/100. The pulse did not vary 
significantly, but the respiratory rate fell from 24 to 14 per minute. A right radical neck 
dissection was then consummated with removal of the right internal, external, and anterior 
jugular veins. About one hour after the ligation of the second internal jugular vein, the 


Leer 


° i. Soe 


Fig. 1 (Case 1).—The surgical field after removal of the larynx, thyroid, strap muscles, 
hyoid bone, base of tongue, combined with a bilateral radical neck dissection. The common 
carotid arteries (R.C.C. and L.C.C.), posterior esophageal and hypopharyngeal walls, lower 
esophageal stoma (Oe), lower tracheal stoma (Tr), base of tongue (7'), anesthetic tube below 
the permanent tracheal stoma (A.7.), and the chin (C) are visualized. 


anesthetist stated that the blood pressure and respirations were returning to normal. During 
this period, no additional anesthesia was given. Apparently the passive hyperemia main- 
tained a more prolonged contact of the anesthetic drugs with the cerebrum due to the marked 
retardation of the venous return. Following this one-hour period, the patient’s condition 
returned to what it was prior to the ligation of the second internal jugular vein. Marked 
cyanosis and edema of the face were immediately noted. The cyanosis cleared after twenty- 
four hours. The edema began to recede at the end of the first postoperative day and cleared 
rather rapidly during the first two weeks. It did not seem as if the cyanosis and edema in 
this case were more pronounced than those which had been noted in some cases of which we 
had previous clinical observation where a second radical neck dissection was performed within 
three to six weeks after the first. By the twelfth postoperative week all of the edema had 
disappeared except in the soft tissues overlying the mandible. He died of metastatic 
mediastinal disease in December, 1949. Autopsy revealed no unusual cerebral or intracranial 
alterations which could be accounted for on the basis of the extensive vein excisions. 
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CASE 2.—R. L., a 56-year-old man, complained of a sore throat in the fall of 1947. 
Tonsillectomy in January, 1948, and again in May, 1948, gave no relief. A tumor was excised 
from the left neck in May, 1950, and revealed metastatic cancer. Following this, a primary 
epidermoid carcinoma was found in the larynx. Tracheostomy was followed by deep x-ray 
therapy in July, 1950, without relief. Subsequently palliative therapy failed to relieve him. 
When seen in November, 1950, there was a fungating cancer of the skin of the left anterior 
triangle of the neck, 8 cm. in diameter, at the site of the previous incisional biopsy. There 


Fig. 


9 


Fig. oe 


Fig. 2 (Case 1).—A, Preoperative. B, Postoperative, two months, showing residual man- 
dibular edema. 
Fig. 3 (Case 1).—A, Postoperative, one week, showing marked edema of face. 


Operative, two months, showing marked regression of edema. 


B, Post- 
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were firm, enlarged, metastatically involved nodes in both submaxillary, and upper ani 
middle jugular areas. The primary carcinoma involved the entire epiglottis, left hemilarynx 
and pyriform sinus, and extended into the left base of the tongue. 

On Dec. 20, 1950, under intratracheal nitrous oxide-oxygen and Pentothal sodiun 
anesthesia he underwent a combined bilateral radical neck dissection with a laryngoglos 
sectomy, partial pharyngectomy, wide excision of the fungating cancer of the skin of th: 
left neck with split-skin graft repair and pharyngostome. During the entire procedur 
spinal manometer readings were taken. The readings, because of the setup, are given in 
relative units rather than absolute millimeters of pressure. The preligation reading was 60\ 


units. Twenty minutes after the start of the operation the reading was 560 when the lower 
end of the left internal jugular vein was ligated. During the next twenty minutes it rose 


to 650 and then dropped rapidly to 400 in thirty minutes. At this point the second (right 
internal jugular vein was ligated and the spinal manometer reading rose rapidly to 900 in 
twenty minutes. In ten minutes it dropped to 750 at which point the upper end of the second 
(right) internal jugular vein was ligated. The pressure over the next eighty minutes dropped 
slowly to 600 where it remained with very little variation until the end of the operation. 





Fig. 4 (Case 2).—Preoperative, showing fungating biopsy site of left side of neck, 8 cm. in 
diameter. 


Preoperatively the blood pressure was 100/70. After the ligation of the first (left) 
internal jugular vein it dropped to 85/60 at which point the lower end of the second (right ) 
internal jugular vein was ligated. Following this the pressure rose to 125/85 in thirty 
minutes, after which it dropped to 110/70, and then rose to 125/70 at the termination of 
the operation. 

The pulse rate dropped from 85 to 60 with the first ligation, but rose in thirty minutes 
to 75. At this point the second ligation was performed, causing the pulse to drop to 65. It 
rose again to 75 in thirty minutes, but later dropped to between 60 and 70 where it remained 
until the end of the surgery. 

The respiratory rate, 16 preoperatively, was unchanged with the ligation of the first 
(left) internal jugular vein, but rose to 22 when the second (right) was ligated, and re 
mained between 22 and 26 for almost two hours, when it rapidly dropped to between 12 and !+ 
where it remained until the end of the operation. 

During the surgical period of five and one-half hours, 3,500 ¢.c. of blood were trans 
fused. The patient developed cyanosis, which disappeared in twenty-four hours, and very 
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Fig. 5 (Case 2).—A, Anterior view: larynx (La) pre-epiglottic space, base of the tongue 
(7), and fungating site of the skin (ST), the tissues of the right (FR) and left (ZL) neck 
dissections as removed in continuity with the larynx and base of the tongue. 8B, Posterior 
view: surgical specimen of the block excision of the simultaneous dissection of the right (R) 
and left (Z) neck in combination with the larynx (La). L.J.J.V. is left internal jugular vein; 
R.J.J.V., right internal jugular vein; S.7., supraclavicular triangle; S.C.M., sternocleidomastoid 
musele; S.8.G., submaxillary salivary gland; H., hyoid bone; T, base of tongue; and Th, left 


lobe of thyroid. 
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marked facial edema which is still (three months postoperatively) extensive about th: 
mandible. There is, as yet, no evidence of recurrence. He is tube fed through his pharyn 
gostome and has gained about twenty-five pounds. He has always been well oriented an 
has never demonstrated any psychic or neurologic changes which might be attributed t. 
cerebral passive hyperemia or increased intracranial pressure. He is up and about withou 
pain, feeds himself, does most of his dressings, and smokes through his tracheostomy stoma 
during his spare moments. If, in due time, there is no evidence of recurrence, his pharyn 








gostome will be closed. 








« 


Fig. 6 (Case 2).—Postoperative, three months, with marked residual edema of the mandibular 
area and pharyngostome. 


DISCUSSION 


In view of the recovery following simultaneous bilateral removal of the 
internal, external, and anterior jugular veins in these two cases, it is quite possi- 
ble that similar success may be obtained in other instances where this operative 
procedure is indicated. Such indications are the presence of controllable 
primary midline intraoral or visceral neck lesions and coneomitant bilaterally 
involved cervical lymph nodes. Such primary lesions are frequently found in 
the larynx, cervical esophagus, thyroid and mouth. In the latter group, malig- 
nant lesions of the lip, tongue, and floor of the mouth are most frequently asso- 
ciated with bilateral cervical lymph node involvement, especially if the lesion is 
close to, or crosses, the midline. Previously, cases of this type were managed 
surgically by operating in stages. First, the primary lesion was removed alone, 
or in conjunction with a one-sided radical neck dissection. This was followed 
in ten to twenty days by the radical neck dissection of the other side. Sueh 
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staging frequently would entail eutting through tumor or into involved 
lymphatic channels, resulting in a growth of residual carcinoma from these 
transected areas into the operative field. This often takes on the characteristic 
appearance of a lavalike growth of cancer so intimately involving the periphery 
of the already cleared operative field that its subsequent clean removal cannot 
be accomplished. <A simultaneous bilateral radical neck dissection carried out 
in such cases would tend to eliminate these complications. 

Surgery of this extent is not for palliation. Chances for cure must be pre- 
sumed to be enhanced before a one-stage radical bilateral neck dissection is 
undertaken. There is no indication for such an operation if neck dissection is 
elective, since the operation in stages would be expected to give less mortality 
and a shorter morbidity. 

SUMMARY 


Two surgically successful cases of simultaneous bilateral radical neck dis- 
section are reported. The en masse procedure included laryngectomy with 
removal of the hyoid bone, the base of the tongue, the pre-epiglottic area, and 
the strap muscles, and the excision bilaterally of the anterior, external, and 


internal jugular veins. 
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DISCUSSION 


DR. O. V. BATSON, Philadelphia.—In the extensive dissection described by Dr. Perzik, 
some of the connections from the neck to the vertebral veins have been removed. Tissue 
edema following surgery appears to be associated with venous ligation accompanied by 
lymphatie ligation. 

Perhaps the mandible and particularly the chin is the head-part most remote from the 
vertebral plexus of veins. The lymphatic drainage from the mandible has been removed, and 
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the venous drainage from the mandible would have the longest route to follow before attain 
ing the plexiform network of the vertebral veins. Further, in the sitting posture, the chi 
is lower than its new venous outflow. 

Patients accustomed to oceupations in which holding the breath is exaggerated shoul, 
be much better risks for bilateral venous ligation than patients less accustomed to straining 
That is, freight handlers, miners, and painters should make good patients. 

Cases of effort thrombosis are multiplying in the literature. I have had the opportunity; 
to study four cases. Three had a total occlusion of the superior vena cava, and one of thes 
three had, in addition, thrombosis of the vena azygos major. In these cases, not only tli 
blood from the head and neck, as in the radical dissection cases, must return by way of tli 
vertebrals, but in addition all the blood from both upper extremities. 

Variations in blood pressure, pulse, and respiratory rates do not seem too unusual when 
one recalls the sympathetic nerve plexus about the great vessels in the neck. When the 
surgeon lays bare the vessels for ligation, he has performed a Leriche operation on that vessel 
for the plexus runs in the tunica adventitia. 

There is clinical precedence for the bilateral ligation of the internal jugular veins. 
When mastoiditis was a problem, bilateral ligation of the internal jugular veins was some 
times done. Ligation of the external jugular veins is ordinarily an unrecorded procedur 
in ligation of the internal jugular veins. True, the anterior jugulars would not be ligated, 
but their small size and irregular anatomy makes them relatively insignificant in the major 
problem of drainage. 

Support to the cardiovascular system during the operation 
period should be routine, to insure an adequate minute volume flow 


and in the postoperative 
of blood to the brain. 


DR. J. ARMES GIUS, Portland, Ore—The point that bilateral simultaneous radical 
neck dissection is feasible is supported by these cases. However, I would personally be 
hesitant to apply such treatment because of the hazard of complete venous decompensation. 
It is granted that an occasional situation would call for this procedure if one is to be con- 
sistent in the application of the fundamental rule of cancer surgery, that one should ‘‘never 


cross a cancer field.’’ 
It is well known that cancer of the lip, tongue, oral cavity, nasopharynx, sinuses, etc. 
are fatal largely because of their local and cervical effects on nutrition, respiration, and 


circulation. Distant spread is uncommonly a consideration. Cancer can be surgically 
It is therefore consistent with our aim 


attacked in the neck with a respectable salvage rate. 
in surgical treatment of cancer elsewhere to attempt to extend operation in head and neck 
cancer where it may conceivably contribute to an increased cure rate. 


DR. TRACY J. PUTNAM, Beverly Hills, Calif—Dr. Perzik has given us unquestionable 
proof that it is possible to excise both internal jugular veins simultaneously, without serious 


embarrassment of the cerebral circulation. This is an important feat in itself, and an illus- 


tration of the fact that many procedures which have been avoided on theoretical grounds are 
actually feasible and advantageous. Perhaps we should even have been able to predict a 
successful outcome of such an operation. It is well known that there is an enormous excess 
capacity in the venous system, and the venous collaterals from the cranial cavity, such as 
the mastoid emissaries and vertebral veins can transmit large amounts of blood, as neuro- 
surgeons know to their sorrow. There is an ample collateral venous circulation within tlie 
skull, so that the location of the outflow does not seem to be of great importance. 

An excess of carbon dioxide in the cerebral circulation leads to a vasodilatation, and 
There are no disturbances of conscious- 


consequently, a considerably increased volume flow. 
Much higher 


ness with increases of carbon dioxide content up to 10 or 15 volumes per cent. 
concentrations—up to 30 volumes per cent—may be tolerated for minutes at a time, although 


some damage to the white matter may occur with a long-continued passive congestion of 


extreme degree. Clearly, such complications have not yet been encountered. 

















TANTALUM MESH REPAIR OF HERNIATION OF BLADDER 
FOLLOWING RETROPUBIC PROSTATECTOMY 


Epwarp 8. Starrorp, M.D., Anp ANDREW G. Morrow, M.D., BALTIMORE, MD. 
(From the Department of Surgery, The Johns Hopkins University School of Medicine) 


f irsetirba pes mesh has been widely used for the repair of defects in the ab- 
dominal wall since its introduction in 1947.1. Lacking knowledge as to the 
effect of prolonged contact of this material upon peritoneal surfaces, or upon 
intra-abdominal viscera, there was at first some hesitancy in using the mesh 
when peritoneum or other tissue could not be interposed between it and the 
abdominal contents. Recent experimental work and successful clinical use by 
Koontz indicate that tantalum mesh may be safely used in direct contact with 
intestinal surfaces.2 * The following ease illustrates the use of tantalum mesh 
in direct contact with the urinary bladder. 


CASE REPORT 


F. M., a white man 48 years of age, was admitted to The Johns Hopkins Hospital on 
Feb. 28, 1951, complaining of perineal pain of three years’ duration. Eighteen months pre- 
viously, he had undergone retropubic prestatectomy elsewhere without relief of symptoms. 
This operation was, however, followed by an incisional hernia. Two subsequent attempts at 
repair had been unsuccessful. 

The admission examination revealed general physical findings within normal limits. 
There was a low midline incision scar. A large, but reducible, hernia presented just above 
the symphysis pubis, through a defect 10 em. in diameter. There was a marked tenderness 
of the left seminal vesicle on rectal examination. On March 2, 1951, the lower midline in- 
cision was reopened and the infected left seminal vesicle removed. The incisional hernia was 
repaired by bringing the margins of the ring together with interrupted sutures of chromic 
catgut, and the retropubic space was drained. 

The patient’s recovery was complete and he was free of the pain of which he had 
originally complained. He was discharged from the hospital on March 13, 1951. The wound 
was well healed at this time. 

The patient returned to the hospital on April 6, 1951, stating that the hernia had 
recurred. Questioning revealed that bulging in the lower end of the sear was present only 
prior to voiding. The patient stated that when the bladder was full, there was protrusion 
of a soft mass through the lower end of the incision, but following urination the mass would 
disappear. Protrusion of the bladder caused abdominal pain and urgency. 

Examination revealed a defect in the abdominal wall immediately above the symphysis 
pubis. With the patient supine, no mass protruded, and in the erect position, no bulging 
occurred with coughing or straining. When he was examined prior to voiding, however, a soft 
mass protruded through the ring and hung down over the symphysis. When the bladder 
Was emptied, the mass disappeared. The urine was clear. 

On April 7, 1951, the patient was returned to the operating room. An indwelling ure- 
thral catheter was introduced into the bladder. The lower midline incision was again opened. 
The bladder was densely adherent to surrounding structures and lay immediately beneath 
tle skin. The bladder was freed from the anterior rectus sheath and replaced within the 
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The defect in the fasciai was 5 cm. in diameter, and its edges could not be approxi- 


pelvis. 
mated. A piece of tantalum mesh was cut somewhat larger than the defect and sutured 
The mesh was sutured to the periosteun 


over it with interrupted sutures of tantalum wire. 
The bladder lay in 


of the pubis below, and to the rectus sheath superiorly and laterally. 
contact with the under surface of tl:e tantalum mesh. The skin and subcutaneous fat wer« 
then closed over the mesh without drainage. 

The patient’s recovery was uneventful. 
fourth postoperative day and the patient voided without difficulty. 
there was no collection of fluid beneath the wound. Postoperative examinations of the urin 
revealed no abnormalities. The patient was discharged April 19, 1951, two weeks afte: 


The indwelling catheter was removed on th« 
The wound healed well: 


operation. 
There has been no recurrence of the hernia. 
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ACUTE CHOLECYSTITIS IN CHILDHOOD 
Report OF A CASE 
JosEPH A. Bonta, M.D., AND CHARLES G. Lovincoop, M.D., CoLumBus, OHIO 


(From the Department of Surgery and the Surgical Service of the Children’s Hospital, 
The Ohio State University College of Medicine) 


STUDY of acute cholecystitis as it occurs at various ages will disclose that 
A in the neonatal and infaney periods congenital deformities of the biliary 
tract are the predominant inciting factors, in early childhood the disease has an 
infectious background, and finally in late adolescence and adult life it is 
intimately associated with, and frequently secondary to, cholelithiasis. 

A comparison of acute cholecystitis in childhood with the same disease in 
adults provides differences worthy of note. In children, the history of a preced- 
ing upper respiratory infection and the frequently obtained positive culture of 
gall bladder contents suggests a disease of infectious origin. The absence of 
associated cholelithiasis supports this observation. This is in contrast to acute 
choleeystitis in adults, in which cholelithiasis is commonly present and is a 
well-recognized contributing etiological agent. 

Diagnosis may be difficult because the history is lacking in elements that 
suggest gall bladder disease. The localization of findings to the right upper 
quadrant, however, will necessitate the inclusion of pneumonia, acute appen- 
dicitis, intussusception and renal disease in the differential diagnosis. The rarer 
peptie ulcer and perforated viseus must also be taken into account. 

During the past ten years acute cholecystitis in childhood has been less fre- 
quently reported than in the ten-vear period from 1930-1940. From this one 
might assume that the frequent use of antimicrobial agents in minor infections 
has halted the process well in advance of such complications as acute cholecystitis. 

A ease of acute cholecystitis in a young child is herewith reported which 
illustrates well some of the features of the disease described above. 


CASE REPORT 


K. 8. (Children’s Hospital No. 81129), a 4-year-old white girl, was admitted to Chil- 
dren’s Hospital, Columbus, Ohio, on March 15, 1950, with a ten-hour history of severe ab- 
dominal pain with nausea and vomiting. The pain began in the right upper quadrant, grew 
progressively worse, and did not radiate to the back or shoulder. There had been no detectable 
jaundice. Twenty-four hours prior to admission the patient passed a clay-colored stool, but 
i subsequent stool passed the day of admission was of normal color and character. Bowel 
habits had been regular and there was no diarrhea. 

The past history was significant for an acute otitis media approximately one week before 
admission. This had drained spontaneously but was not cultured. The drainage subsided 
following forty-eight hours of pencillin therapy. 

No family history of diarrhea or gall bladder disease could be elicited. 

The physical examination disclosed an acutely ill patient with a temperature of 104.8° F., 
pulse 140, respirations 30. The drum of the left ear was scarred, but no drainage or perfora- 
tion was apparent. The sclerae were clear, the pharynx benign, and the cervical lymph nodes 
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were minimally enlarged. The skin and mucous membranes showed evidence of marked 
dehydration. The chest was clear, but respirations were rapid and labored. Except for 
tachyeardia, the heart examination was unremarkable. There was acute tenderness and 
moderate mucular rigidity to light palpation over the entire abdomen, especially marked in 
the right upper quadrant. No organs could be palpated, and bowel sounds were decreased. 
On rectal examination, tenderness was noted on either side, but there was no mass, and the 
stool was brown. 

The white blood count was 20,600 with total neutrophils 84 per cent, lymphocytes 16 per 
cent. The urine was of high specific gravity and contained 3+ acetone. The serum chloride 
was 102.4 meq. per liter, total base 135 meq. per liter, total serum proteins 6.1 Gr. per 100 e¢.c. 
and icteric index normal. Repeat white blood count twelve hours after admission was 24,500 
with 91 per cent neutrophils. A flat film of the abdomen was not helpful in the diagnosis. 
A roentgenogram of the chest was normal. 

The possibility of acute appendicitis with perforation could not be excluded. However, 
the diagnosis was not conclusively established and acute cholecystitis was considered likely. 
Following admission, the patient was given parenteral fluids to restore hydration and maintain 
electrolyte balance. Penicillin, 50,000 units every three hours and streptomycin, 0.25 Gm. 
twice daily were begun. However, since there was no improvement and the white blood 
count had risen to 24,500, exploratory laparotomy was performed eighteen hours after ad 
mission. The abdomen was entered through a right rectus muscle-splitting incision. The gall 
bladder was found to be injected, edematous, and tightly distended. A trocar was introduced 
into the fundus and about 40 ¢.c. of thin yellow pus were aspirated from the gall bladder. 
Culture of this material yielded Salmonella oranienburg.* No stones were detectable either 
before or after decompression of the gall bladder. Because of the critical status of the 
patient, cholecystectomy was not attempted, and cholecystostomy was performed. Post- 
operatively, two separate specimens of gall bladder drainage and repeated stool specimens 
were positive for S. oranienburg. These cultures remained positive despite intensive antibiotic 
therapy of penicillin, 50,000 units every three hours, streptomycin, 0.25 Gm. twice daily, and 
chloromycetin 0.25 Gm. four times daily. Clinically, the postoperative course was uneventful, 
and the cholecystostomy tube was removed on the fifth postoperative day. The patient was 
discharged eleven days after operation to the care of the Public Health Service regarding the 
‘‘earrier’’ state. Subsequent stool cultures were positive for three months following dis- 
charge from the hospital. Ten months later a cholecystogram depicted a normally functioning 
gall bladder and a repeat stool culture was negative for Salmonella. The patient had remained 


free of any abdominal complaints and was able to take an unrestricted diet. 





Comment.—In 1938, Potter*® collected 432 cases of cholecystitis, acute and 
chronic, below the age of 15 years, 62 per cent of which were in the age group 
5 to 15 years, while the remaining 38 per cent were below 5 years of age. It is 
worth while to note that in this series, fifteen of seventeen patients with acute 
cholecystitis, gangrene, and perforation were found to have typhoid (Salmonella 
typhosa) as the etiological agent. 

In addition to the usual gastroenteric manifestations, it is not uncommon to 
find the Salmonella organism as a cause of peritonitis,’ osteomyelitis,’ menin- 
gitist and salpingitis." 

Salmonella cholecystitis in adults is occasionally reported,® 7 ‘+? but this 
disease in children is especially rare. Seligmann and co-workers’ reported 2,000 
‘ases of Salmonella infections, only ten of which represented cholecystitis; al! 
were in adults. Further, forty-four cases of cholecystitis from this type of 
organism are on file in the National Salmonella Center of New York City,* but 
the youngest occurred in a boy sixteen years of age. 





*Isolated by the Michigan State Salmonella Laboratory. 
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On the other hand, Salmonella infections in general occur frequently in 
very young individuals in both human beings and animals. The presence of 
bile is not adverse to the growth of the Salmonella organisms, but rather is often 
used in its culture and isolation. It is, then, conceivable that the gall bladder 
may be susceptible to Salmonella infection in either the clinical or carrier state. 
Kdwards and co-workers,” '° in a summary of eighty-six cases in which Sal- 
monella was isolated from extraintestinal sources, found the organisms in the 
gall bladder in eight cases. None of these were S. oranienburg strains. The 
latter organism has been isolated from such extraintestinal sources as the spinal 
fluid, endocardium, and wounds.’?° The ease reported here represents one of 
acute choleeystitis due to S. oranienburg. 


SUMMARY 


1. A discussion of the salient features of acute cholecystitis in childhood 
is briefly presented. 

2. A ease of acute cholecystitis due to Salmonella oramenburg in a four- 
year-old girl is presented in detail. 

3. Salmonella infections as related to gall bladder disease are discussed. 
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HOLECYSTITIS in childhood was first reported in 1722 by Gibson. Sub- 

sequently, there have been published reports of at least 474 cases; of these 
only 19 were associated with choledocholithiasis. Nevertheless, our review of 
gall bladder disease in the very young population revealed a striking incidence 
of jaundice. Over a decade ago, this subject received no attention in pediatric 
teaching or in surgical considerations of biliary tract disease. Cholecystitis in 
childhood was thought too rare, its clinical implications too insignificant, to 
merit even passing mention. Potter,? by his vigorous review in 1938, popular- 
ized the subject in some measure. According to this most widely quoted source, 
cholecystitis in childhood was important: the condition was more frequent than 
suspected and often overlooked. We cannot agree that the disease is important 
beeause of an increased incidence. Evidence at hand does not support the view 
that true primary biliary tract disease in children is not infrequent. Rather 
we would suggest that the disease should receive some thought in the differential 
diagnosis of abdominal pain and jaundice in children. 

Our own case* stimulated an investigation of the true clinical importance 
of gall bladder disease in children. The practical concern was with a condition, 
connoting pathologic changes, similar to that in the adult, primarily cholecystitis 
with or without cholelithiasis. We recognized the possible existence of associated 
and subsequent pathologie processes ranging from carcinoma of the gall bladder 
to common duet obstruction. In our review, incontravertible proof of the 
presence of disease in the gall bladder ineluded the results of gross and micro- 
















scopic examination. We accepted gross description at the operating table (espe- 
cially presence of caleuli) if it correlated with the clinical findings and any other 
pathologic changes present. Rejected as not having true cholecystitis, were 
those patients not operated upon whose condition more properly fell into the 
classification of hepatitis and disease associated with prehepatie jaundice. We 
did not aecept as bona fide cholecystitis those cases reported on the basis of 
symptoms only, or on the basis of the Graham-Cole test reporting a nonfunction- 
ing gall bladder. In children with infectious disease accompanied by pyrexia, 
dehydration, or starvation; or in those patients whose actually reported dis- 
ease was perforated appendicitis with peritonitis, we did not accept as proof 
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> or one filled 


of cholecystitis a ‘‘distended gall bladder that would not empty’ 
with ‘‘thick dark bile.’’ For the purpose of this review, our concern embraced 
infaney, childhood, and early adolescence. We decided that the neonatal period 
with its congenital defects of the biliary tract did not belong in this discussion 
of cholecystitis. To keep the real picture of age incidence more accurate, we 
elected to designate children 15 years of age or younger, who have attained 


puberty, as early adolescents. 

With these qualifications in mind, we reviewed the ease reports in the 
literature** available to us up to 1948 (Tables I and II). A eritieal study of 
these eases, as well as the 432 reported prior to 1938, revealed that not all were 
substantially proved. Accordingly, we based our analysis on the reports that 
submitted adequate data and were acceptable on the basis of the aforementioned 
eriteria. 

TABLE I 


CASES REPORTED | ~~ ACCEPTABLE CASES 
Potter33 (1722 to 1927) 7 226 176 
Potter2 (additional to 1927) +4 S 
Potter2 (1928 to 1937) 162 89 
Present report (1958 to 1948) 43 30 























Total a 475 326 














Of the 30 acceptable cases reported in the decade 1938 to 1948, 18 (60 per 
cent) of the patients had cholelithiasis, 2 (7 per cent) had choledocholithiasis, 
and 13 (43.3 per cent) were complicated by jaundice (Tables III and IV). 
There was 1 case of acute cholecystitis associated with typhoid fever in which 
no caleuli were present. In the 2 patients with common duct stones 1 (Case 3) 
gave no history of jaundice and no icterus was discovered when studied in the 
hospital; the other (Case 30) gave a history of jaundice, but presented no 
icterus when studied in the hospital. Twenty-four of the eases were diagnosed 
correctly by clinical work-ups. However, many of the cases of jaundice were 
at one time or another considered ‘‘infectious hepatitis.’’ Preoperatively, 5 
of the 30 cases were diagnosed incorrectly as acute appendicitis. However, in 
all 5, the correct diagnosis was made at the operating table by alert surgeons. 
One child’s condition was misdiagnosed ‘‘eatarrhal jaundice’’ and the patient 
not operated upon; the diagnosis of cholecystitis was established at necropsy. 

To consult other clinics about their experience, we communicated with 
25 authorities with a wide geographical distribution. The replies from 21 
correspondents were analyzed. Many of the surgical and pediatric authorities 
had no personal experience or firsthand knowledge of a child with proved 
primary gall bladder disease. Among these were H. L. Bockus, Philadelphia ; 
I. S. Ravdin, Philadelphia ; °. H. Lahey, Boston ; 0. Swenson, Boston; S. Farber, 
Boston ; L. Sehiff, Cincinnati; W. M. Firor, Baltimore; M. Ravitch, Baltimore ; 
W. P. Longmire, Jr., Los Angeles; M. Thorek, Chicago; and R. Elman, St. 
Louis. Ravitch noted that they had had experiences with cholelithiasis in 
association with sickle-cell anemia and familial hemolytie icterus. Ravdin 
operated upon a boy with stones in the gall bladder and common bile duct who 
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TABLE IT. CHOLECYST! rs yy 












CASE | AUTHORS 
a Linden, E. K.4 





| SEX AND AGE | "HISTORY JAUNDICE 
Female Abdominal pain, no fever None 
8 yr. 
















Linden, E. K.4 Female Abdominal pain for a few months Not on ad- 
11 yr. with jaundice, acholic stools mission 




































































































Linden, E. K.4 Male Abdominal pain since 6 years old None | 
12 yr. with flatulent indigestion 
§ 
Rivara, L. T., and Male Diagnosis acute appendicitis; ab- None 1 
Cerdeiro, A. M.5 7 yr. dominal pain 2 days with some 
tenderness in R.U.Q. 
Rivara, L. T., and Male Abdominal pain None 1. 
Cerdeiro, A. M.5 8 yr. 
2. 
Clavel, C., and Male Acute onset of abdominal pain; None 1. 
Dumas, J.6 8 yr. vomiting 
2. 
Chen, S. C.7 Male Chilliness, fever 10 days’ dura- Yes 1. 
6 yr. tion; pain in R.U.Q. of 4 days’ | 
(Chinese ) duration 
9 
Boesman, T.§ 2 yr. Suffered from ascaris infection None 1. 
with indigestion | 
n 
Luzuy, M., and Audy? Male Abdominal pain with vomiting; None LD 
3 yr. diagnosis of acute appendicitis 9 
made 9] 
p 
Sallick, M. A.10 Female Epigastric pain, 3 days’ duration; Not on ad is 
12 yr. pain shifted to R.U.Q.; had 3 mission 2. | 
other attacks in past year with ns 
jaundice 
11. Carmichel, J. L.11 Male Abdominal pain intermittent for None l. F 
4 yr. several days; mother noted pl 
(Negro) mass in R.U.Q. na 
of 
ab 
rig 
Bisson, C.12 Female Onset of vomiting; abdominal None lH 





9 yr. pain 













Tearman, R. A.13 Male Several weeks’ duration of pain None 







10 yr. in R.U.Q. 
14. Noitti, H. J., Ferrer, H., Male R.U.Q. pain, tenderness during at- None 
and Grinfeld, A.14 ll yr. tack of typhoid fever 
15. Melchior, E.15 Female History, R.U.Q. pain with jaundice Yes 






i yf. 
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CHILDHOOD, 1938 To 1948 








DIAGNOSIS 


OPERATION 


STONES 


| PATHOLOGIC REPORT | 


REMARKS 





1. History and 
physical exami- 
nation 
_ X-ray flat plate 
showed stones 
. History and 
physical exami- 
nation 
. X-ray 
. History and 
physical exami- 
nation 
. X-ray 
. Clinieal signs of 
appendicitis with 
some tenderness 
in R.U.Q. 


. Clinical signs of 
appendicitis 

2, At operation gall 
bladder found 
inflamed 

. History of in- 
digestion 

2. Tenderness 

R.U.Q 

1, History and pal- 
pation of a mass 


in R.U.Q. 

2. Leucoeytosis, 
jaundice 

. History and 
physical exami- 
nation 


. Diagnosis, acute 
appendicitis 

2. Bile present in 
peritoneal cavity 
. History 

2. Physical exami- 
nation 


. History and 
physical exami- 
nation, mass size 
of lemon 1 inch 
above and to the 
right of the navel 

. History 

2. Tenderness with 
rigidity in R.U.Q. 

3. 24,000 w-b.e. 

- Clinical 
grounds’? 

1. Operation 


1 History 
«. Physical exami- 
nation 


Cholecystectomy 


Cholecystectomy 
Cholecystectomy, 


choledochostomy 


Appendectomy, 
cholecystectomy 


Cholecystectomy 


Cholecystostomy 


Cholecystostomy 


Cholecystectomy 


Cholecystectomy 


Cholecystectomy 


Cholecystectomy 


Cholecystostomy 


Cholecystostomy 


Cholecystostomy 


Cholecystectomy 


In gall blad- 
der 


In gall blad- 
der 


In gall blad- 


der and com- 


mon duct 


One in gall 
bladder 


In gall blad- 
der 


In gall blad- 
der 


No 


In gall blad- 
der 


1,000 in gall 
bladder 
No 


In gall blad- 
der 


Cholecystitis, sub- 
acute 


Cholecystitis, sub- 
acute 


Cholecystitis, acute 


Acute cholecystitis 
with cholelithia- 
sis 


Cholecystitis, 
acute, with chole- 
lithiasis 


None 


None 


Acute, purulent 
cholecystitis 


Acute cholecystitis 
with perforation 


Gall bladder thick- 
ened, acutely 
inflamed 


1. Marked engorge- 
ment, edema 

2. Subacute chole- 
cystitis 


None 


None 


Perforated gall 
bladder, acute, 
suppurative 

Empyema of gall 
bladder 


Improved 


Improved 


Improved 


Operated for ap- 
pendicitis, ap- 
pendix removed; 
gall bladder in- 
flamed and 
cholecystectomy 
performed; im- 
proved 

Improved 


Improved 


At operation the 
gall bladder was 
distended and 
contained pus; 
improved 

Believed that as- 
earis blocked the 
cystic or common 
duct; improved 

Improved 


Improved 


Improved 


Improved 


Recovery unevent- 
ful 
Improved 


Improved 
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present admission 





E. C., and 
W.26 


Heringman, 
Aiken, D. 


Ulin, A. W., Nosal, J. L., 
and Martin, W. L.3 


Male 
7 yr. 


Female 
13 yr. 





Generalized abdominal pain 7 
hours’ duration 


Recurrent attacks abdominal pain 


and jaundice 





Surgery 


February, 1952 
TAB‘E II 
CASE | AUTHORS | SEX AND AGE | HISTORY | SAUNDICE 
16. Melchior, E.15 Male Flatulent indigestion for several None 
13 yr. years; acute onset R.U.Q. pain 
17. Seidler, V. B., and Female Two weeks’ duration of weakness, Yes 
Brakeley, E.16 10 yr. jaundice; attacks of jaundice 
(Negro) since age of 4 yr. No typical 
biliary colic 
18. Rivas Diez, B.17 Female History abdominal pain with Yes 
bb eA nausea, vomiting, jaundice of 5 
days’ duration 
19. Jaroslavsky, L. and Female Acute onset, epigastric pain, None 
Blumenfeld, I.18 13 yr. nausea, vomiting 
20. Van Staveren, C.19 Male Periodic attacks of indigestion, Yes 
7 yr. epigastric pain, nausea, flatu- 
lence, jaundice 
21. Sobel, I. P.20 Female ainless, increasing jaundice for Yes 
6 yr. 1 week; hospitalized for several 
weeks and then discharged with 
diagnosis of ‘‘catarrhal jaun- 
dice’’ 
22 Penberthy, G. C., and Female Epigastric, R.U.Q. pain of 3 Yes 
Benson, ©. D.21 11 yr. weeks’ duration with jaundice 
of 3 weeks, palpable liver, 
tenderness in R.U.Q. 
23 Penberthy, G. C., and Male R.U.Q. pain with intermittent Yes 
Benson, ©. D.21 10 yr. jaundice, 2 years’ duration; 
symptoms after scarlet fever 
24. Narat, J. K.22 Male Abdominal pain of 4 days’ dura- None 
4 vr. tion; tenderness in R.U.Q. 
25. Lowenburg, H., Jr., and Female Recurrent attacks of R.U.Q. pain, None 
Mitchel, A. G.23 13 yr. nausea, vomiting, fever 
26. Lowenburg, H., Jr., and Male Onset R.U.Q. pain during attack None 
Mitchel, A. G.23 6 yr. of lobar pneumonia 
27. Ashley, L. B., and Male Acute onset of abdominal pain, Yes 
Narotzky, A. 8.24 4 yr. nausea, vomiting 2 days prior 
to admission 
28.  Bogatko, F. H., and Male Jaundice at 1 year of age; ab Yes, 6 weeks 
Mehlman, J.25 3 yr. dominal pain, jaundice at 


History, yes; 
not on ad- 
mission 
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9 Physical exami- 


nation 

. History and 
physical exami- 
nation 

X-ray showed 
stones 

History 

X-ray showed 
nonvisualizing 
gall bladder 

. History and 
physical exami- 
nation 

. Family history 
of gall bladder 
disease 

Physical exami- 
nation 

. Readmitted 3 
months later with 
recurrent painless 
jaundice 


. Made on elinical 
signs and symp- 
toms 


. History and 
physical signs of 
jaundice, palpa- 
ble liver, tender- 
ness in R.U.Q. 

. Symptoms and 
physical findings 


History 
Tenderness 


R.U.Q. 


‘, X-ray normal 


—_ 


i) 


— 


joo por 


. Tenderness, ri- 
gidity in R.U.Q. 


. Acute appendi- 
citis 


. History 

- Laboratory work 
indicated ob- 
structice jaundice 
- Tenderness in 
the R.U.Q. 


History 
Tende rness 
X-ray 


Cholecystectomy 


Cholecystectomy, 
appendectomy 


Cholecystectomy, 
appendectomy 


Cholecystectomy 


None 


Cholecystostomy 


Choleeystostomy 


Aspiration of 
gall bladder 
performed 


Cholecystectomy 


Cholecystectomy ; 
thoracotomy for 
pleural empyema 

Cholecystostomy 


1. Choledochostomy 
2. Cholecystectomy 
4 weeks later 


Appendectomy, 
cholecystectomy 


Cholecystectomy, 
choledochostomy 


der 


Many in gall 
bladder 


In gall blad- 
der 


100 in gall 
bladder 


In gall blad- 
der 


Yes, at 
necropsy 


None 


None 


None 


None 


None 


None 


Gravel in gall 
bladder 


None 


In gall blad- 


der and com- 
mon duct 


bladder 


Cholecystitis, acute 


Cholecystitis with 
cholelithiasis 


Cholecystitis with 
cholelithiasis 


Enlarged gall 
bladder with 
stones 


Patient died on 
115th day of ill- 
ness; necropsy 
showed gangre- 
nous gall bladder 
with one large 
stone, enlarged 
liver, dilated 
common duct 

Subacute chole- 
eystitis; gall 
bladder distended 


Subacute chole- 
cystitis; gall 
bladder distended 
and thickened 


Greatly distended 
gall bladder; 
contained serous, 
viscid fluid, 
nearly colorless 

Gall bladder thick- 
ened, distended 


Gall bladder thick 
and distended 


Acute gangrenous 
cholecystitis 


Diverticulum with 
gall bladder, 
chronic inflam- 
mation 

Subacute and 
chronic chole- 
cystitis 


Cholecystitis, sub- 
acute 
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Number 2 
—ConT ’D 
——~ DIAGNOSIS OPERATION STONES | PATHOLOGIC REPORT | REMARKS 
. History Cholecystectomy In gall blad- Gangrenous gall Tmproved 


At operation, gall 
bladder was in- 
flamed and con- 
tained many 
stones; improved 

Improved 


Improved 


Improved 


Died on 115th day 
of illness 


Improved 


Improved 


Improved 


Tmproved 


Recovery following 
operation 


Congenital anom- 
aly of gall blad- 
der; improved 


Preoperative diag- 
nosis was appen- 
dicitis; im- 
proved; doubt- 
ful case? 

Improved 
















29 


36. 


40. 


41. 


42, 


45. 















Burke, E. C., and 
Platou, E. 


Burke, E. C., and 
Platou, E. S.27 
Acuna, J., and 


Chiodin, L., and 
Belizan, L. A.?9 
Downie, V. J.30 


Swing, A. T., and 


Swing, A. T., and 


ingham, W.32 


Mitchel, A. G.23 


Mitehel, A. G.23 


Mitchel, A. G.23 


Mitchel, A. G.23 
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TABLE I] 
AUTHORS | SEX AND AGE | HISTORY JAUNDICE 
Male Jaundice 2nd day after birth, Yes; cleared 
$.27 10 wk. with acholic stools up after 
78 days in 
hospital 
Male Convulsions, cyanosis, erruption Yes 
2 dy. 
Accinelli, A. <A.28 
Male Vomiting and diarrhea of 9 days’ None 
15 mo. duration 
Male Searlet fever: during recupera- None 
Bullowa, J. G. M.31 13 yr. tion, developed acute abdomen; 
(Negro) diagnosis of ruptured appendix 
made 
Male 21st day of scarlet fever, de- Yes 
Bullowa, J. G. M.31 9 yr. veloped abdominal pain, jaun- 
dice; conservative treatment 
Recalde Cuestas, J. C., 
and Tejerina Fother- 
Lowenburg, H., Jr., and Female Recurrent attacks of R.U.Q. pain, None 
13 yr. nausea, vomiting, fever 
Lowenburg, H., Jr., and Female Recurrent attacks of R.U.Q. pain None 
15 yr. 
Lowenburg, H., Jr., and Female Severe attacks of R.U.Q. pain, Questionable 
11 yr. possible jaundice on admis- 
sion 
Lowenburg, H., Jr., and Male Recurrent attacks of abdominal None 
12 yr. pain, nausea, and vomiting 
Lowenburg, H., Jr., and Female Recurrent R.U.Q. pain, nausea, None 
12 yr. vomiting, chills 


Mitchel, A. G.23 
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—CONT'D 
“DIAGNOSIS OPERATION STONES | PATHOLOGIC REPORT REMARKS 
1. History None None None It was assumed 
9, Physical exami- biliary radicles 
nation—jaun- were plugged 
dice; temperature with inspissated 
normal; enlarged bile; certainly not 
spleen a proved case; 
improved 
1, History Cholecystostomy None None Improved; doubt- 
9 Physical findings ful case 
; No data available 
No data available 
1. Patient listless, Cholecystostomy None None Operation for ap- 
toxic with tender- pendicitis; gall 
ness in R.U.Q.; bladder thick, 
diagnosis of ap- large; improved; 
pendicitis made not a proved case 
1, History as re- Abdomen was just None None Improved; perfo- 
corded opened and rated appendici- 
2, At operation closed; nothing tis; not a chole- 
gall bladder was done cystitis 
distended 
1. Diagnosis made No operation None None Improved; not a 
on clinical valid case 
grounds 
No data available 
1, History Appendectomy None Gall bladder dis- | Improved; doubt- 
2, Tenderness, ri- tended ful case 
gidity in R.U.Q. 
3. Gall bladder not 
visualized by 
x-ray 
l, Marked general Appendectomy None Gall bladder dis- Improved; not a 
abdominal ten- tended proved case of 
derness, rigidity cholecystitis 
R.U.Q. 
2, X-ray showed 
nonvisualization 
of gall bladder 
1, Symptoms ; Appendectomy None Gall bladder dis- | Improved; doubt- 
-. Tenderness, ri- tended ful case 
gidity in R.U.Q., 
and jaundice 
|. Extreme tender- Cholecystectomy None Biliary drainnge: At operation: 
, ness in R.U.Q. bile turbid; leu- chronic adhesive 
-. X-ray, gall blad- cocytosis; numer- _perisplenitis, per- 
der not visualized ous motile Lam- itonitis, hepatitis, 
blia intestinalis adhesions at the 
base of the gall 
bladder, liver en- 
larged; improved 
1. History None None None Recovery following 
~. Rigidity, mass biliary drainage; 
m R.U.Q, not a proved case 


of cholecystitis 




















ADVANCES IN SURGERY Surger 


February, 195 





320 RECENT 

















had hemolytic anemia. W. Walters reported that at the Mayo Clinic they ha 
had an incidence of cholelithiasis in children of 1.3 per thousand adult cases 
Presumably most, if not all, of these childhood cases were associated wit! 
hemolytic disease. C. Sweet of Oakland, Calif., described two eases of chol 


lithiasis, but neither one was proved. 













TABLE IIT. TEN CASES OF JAUNDICE ON ADMISSION, 1938 To 1948. 
(NONE Hap ComMoN Duct STONE) 





NUMBER OF PATIENTS 
1 Died—mistaken diagnosis of hepatitis; this patient had an acute 
gangrenous cholecystitis and cholelithiasis; the common duct 
was dilated 
9 Common duct not explored; no evidence of common duct stones 
+ No stones 
1 acute gangrenous cholecystitis 
2 subacute cholecystitis 
1 empyema of gall bladder 
5 Gall stones 
1 empyema of gall bladder 
3 acute cholecystitis 
1 chronic cholecystitis 
Nine out of ten patients who had jaundice on admission had an acute inflam- 
matory process in the gall bladder 
Four out of ten had no stones in the gall bladder or common duct 











TABLE IV. TuirTY CASES, 1938 TO 1948 



















14 


years 


NUMBER OF PATIENTS RESULTS 
Sex Incidence 
Males 17 
Females 12 
Not stated l 
Age Incidence 
1 to 5 years 6 
6 to 9 years 10 
10 years 3 
11 years 5 
12 years 2 
13 years 3 
1 





20% were 12 to 15 years of age 
47% were 10 to 15 years of age 


Operation and Result 
Cholecystostomy 10 Recovered 
Cholecystectomy 17 Recovered 
Cholecystectomy and choledochostomy Recovered 
Not operated Died 


d; in his 1938 review,? 31 


| ei bo 








*In Potter’s 1928 review,* 38 per cent were 10 to 15 years o 
per cent were 10 to 15 years old. 





The men who reported definitely verified childhood cholecystitis were 
Hamilton Bailey, London; Rodney Maingot, London; H. Glenn Bell, San 
Francisco; C. F. MeKhann, Cleveland; Moses Behrend, Philadelphia; James 
Baty, Boston; Donald Brayton, Los Angeles; Dorothy Anderson and Norman E. 
France of New York City. There were 42 cases of cholecystitis reported to us. 
However, on the basis of our criteria, only 14 cases were acceptable as proved. 
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In 7 patients a positive statement concerning icterus was made; of these, 3 
gave a history of jaundice. In 9 eases, the sex was noted: 5 female, 4 male. 
The report from Anderson and France was interesting because it coincided with 
the general picture in the literature of biliary tract disease in the young. About 
20 per cent of the cases were due to congenital defects of the biliary system. 
In over one-half of the cases where cholecystitis was incidental to another dis- 
ease, the prognosis was very poor. These cases were picked up at autopsy and 
apparently the cholelithiasis did not contribute to the mortality. Similarly, 
Brayton’s data disclosed that few of the eases he reported were primarily true 
cholecystitis. His first case was of interest in that empyema of the gall bladder 
was secondary to a perforated appendix. Others in the literature reported 
pathologie changes in the bile and gall bladder incidental to or subsequent to, 
appendicitis and peritonitis. These cases were not all well documented so that 
one could draw no conclusions. However, the evidence suggested that in a very 
sick child, regardless of the primary disease, there might be enough alteration 
in the physiology of the biliary tract to make acute cholecystitis a possibility as 
an important complication. 
DISCUSSION 


Our concept of childhood cholecystitis is based on a review of 326 valid 
cases reported in the literature, as well as on the experience of our correspond- 
ents. As general surgeons, we found it instructive and of great interest to 
contrast the childhood disease with adult cholecystitis. Some of the outstanding 
features of this analysis are listed in Table V. 

The etiology of cholecystitis*® **’ and the cause of gall stones in childhood 
remain just as obscure as in the adult. Probably no single factor is completely 


TABLE V. COMPARISON OF CHOLECYSTITIS, CHILDHOOD AND ADULT DISEASE 








| CHILDHOOD | ADULT63-67 








Average age of onset 8 to 10 years 29 to 36 years 
History Significant story of chronic 
; dyspepsia not common; may 

be obtained in the older, 
more articulate child 

Clinical signs Similar to acute disease in 
the adult 

Sex Male, about 3 to 2 Female, 4 to 1 

Jaundice* 26 to 45% 8 to 10% 

Gall bladder stones 57 to 69% S80 to 95% 

Common duct stones 6% 17% 

Jaundiced cases* 92% (no common duct stones) 53% (no common duct stones) 

Pathology Usually microscopic sections Even in clinically acute cases, 
show more infiltration with the microscopic sections 
polymorphonuclear leucocytes often reveal a picture of 
and evidence of acute in- chronic inflammation; one 
flammation; bacteria may be rarely sees bacteria in the 
seen in the gall bladder wall stained sections 

Associated gall bladder 2 of 326 cases; less than 1% Incidence 1 to 3% 

inalignaney 

Surgery Results excellent; need for ex- Residual stones in common 
ploring common duct ap- duct a major problem 
parently not as urgent 





*Not necessarily on admission, but with a definite recent history of icterus. 
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responsible; perhaps, in most cases, two or more factors are associated in pro 
ducing the pathologie changes. In the adult disease**-*' the factors that am 
usually considered are: (1) funetional—obstruction of biliary passages b 

spasm, mass, concretions, and so on; (2) metabolic—possibly associated with 
primary hepatic dysfunction, changes in nature and quantitative constituents 
of bile, disturbances in the cholesterol metabolism, hemolytic disease, dietary 
habits; (3) infection—systemic, gastrointestinal. One predisposing factor in 
the adult is sex, female predominating 3 or 4 to 1. In the child, this ratio does 
not hold. Furthermore, in the acceptable cases, gall stones occurred in only 57 
per cent of the children. The impression is that in the etiology of the child- 
hood disease, there has been more of an association with acute infections, espe- 
cially typhoid fever.*? ** Scarlet fever and measles may play a leading part 
in the etiology. However, if this is so, we should certainly see more cases of 
gall bladder disease among children. Swing and Bullowa*! reported a series of 
12,352 cases of scarlet fever with 2 cases of acute cholecystitis. Neither one of 
these was proved. The differences between childhood and adult cholecystitis 
emphasized in this report (Table V) do not necessarily argue for differences in 
etiologie factors; they do indicate however, a different interplay of the factors 
involved. 

Microscopically, in the adult disease, varying degrees of edema, congestion, 
necrosis, and infiltration of the wall with lymphocytes and monocytes are seen. 
Kven in extreme degrees of inflammation, neutrophils may be uncommon and 
bacteria are seldom found in sections of the wall. However, in our review of 
pathologie reports in eases of primary or incidental cholecystitis in childhood 
we found that polymorphonuclear leucocytes are likely to be present in the 
acute disease. In some instances, the sections showed the presence of bacteria. 
The low incidence of common duct stone and yet the high frequency of jaundice 
is of interest. In the jaundiced patients the obstructive process was usually 
associated with a very acute or suppurative process in the gall bladder. In 2 
eases an acutely inflamed diverticulum of the common duct produced obstrue- 
tive jaundice; in 2 other eases, inflammatory lymphadenopathy obstructed the 
common duct. The general trend of the information we have collected seems to 
indicate that infection, locally and systemically, plays a more important part in 
childhood cholecystitis than in that of the adult. Jaundice in most of the cases 
in childhood is due in some way to an acute inflammatory process adjacent to or 
involving the ducts, and not to common duct stone. The duration of the disease 
in the adult is longer, marked by chronicity and episodes of recurrence and 
exacerbation, and this may explain why the incidence of common duct stones 
is higher. Finally, there were 2 eases of cancer of the gall bladder** ** *° among 
the 326 acceptable cases. This compares with the incidence of 1 to 3 per cent 
in adult cholecystitis. Of interest pathologically are the number of childhood 
‘ases of cholelithiasis discovered incidentally at post mortem and at operation. 
Many of these patients have distended gall bladders with no evidence of real 
inflammation in the wall. The ealeuli, when described, number 1 or 2; they are 
friable, dark green, irregular concretions measuring 2 mm., or at the most 3 
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mm., in diameter. They may be associated with a dark, sandy bile. Then again, 
the eases of spherocytic jaundice illustrate the possibility of stone formation in 
the gall bladder without the presence of inflammation in the wall, emphasizing 
the effect of metabolic factors in the etiology and pathology of cholelithiasis. 

It is interesting to note that in 15 per cent of the cases the diagnosis was 
erroneously made as acute appendicitis. This is no doubt due to the fact that 
children do not localize their pains accurately and that gall bladder disease is 
not usually thought of as occurring in a child. Some authors believe that the 
clinical picture*’-*’ differs in some respects from that seen in the adult. There 
have been eases with epigastric pain and periumbilical tenderness. The same 
ean be said of adult cases; not all are so-called typical. However, in reviewing 
the reports, one is impressed with the fact that most childhood cases resemble 
very closely in their signs and symptoms those seen in adult life. When the 
child is old enough and is cooperative, usually the story he gives of the pain and 
its radiation is typical of gall bladder disease. The appearance of jaundice has 
in many instanees confused the diagnosis with hepatitis; however, in the ma- 
jority of these cases the correct conclusion was reached eventually. 

In addition to the history and physical findings, scout film of the abdomen, 
visualization of the gall bladder with dye,’* °* and duodenal drainage®® will 
assist in establishing the diagnosis. In the presence of jaundice, the various 
tests associated with the study of hepatocellular disease as well as hemolytic 
disease are mandatory. Children with undiagnosed recurrent abdominal pain 
and dyspepsia should receive a work-up to exclude gall bladder disease as well 
as peptic uleer. Bird and associates®® have stressed the importance of a gastro- 
intestinal series to help solve some of these obscure abdominal eases. 

The principles of gall bladder surgery as practiced upon adults*!-* apply 
also to children. The record shows that children will stand this type of surgery 
very well. Cholecystectomy is the treatment of choice. Early operation, when 
the diagnosis is established and the patient well prepared, is often the safest 
course of management. Indications for exploring the common duct exist; how- 
ever, the history or presence of jaundice itself may not make choledochostomy 
mandatory (Table III). Of interest is the report of Edington®* who did a 
choleeystostomy in a child. The patient had recurrent symptoms that several 
years later required cholecystectomy. 


CONCLUSIONS 


Our review of childhood cholecystitis indicates that the disease is very un- 
common, probably rare. Certainly choledocholithiasis is rare. However, when 
the disease is suspected the correct diagnosis is most often eventually made. 
Surgical treatment is relatively easy and attended by excellent results. There- 
fore, it is important that physicians, when confronted with a case of cholecystitis 
in a ehild, should not be incredulous, or reject such a diagnosis. 

It is only fair to state that there may be children with undiagnosed, recur- 
tent abdominal pain of obscure origin not suspected of gall bladder disease or 
studied for it, whose eases are diagnosed as such, years later. These are the 
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children we should suspect of gall bladder disease and perhaps peptic ulcer, an: 
work up diagnostically, utilizing diagnostic measures employed with the adult 
Also, in the past decade, 5 out of 29 operated cases were diagnosed by th 
surgeon at the operating table. When we operate for appendicitis in a chili 
and find no disease in the lower abdomen, should we not palpate or inspect th: 
right upper quadrant ? 

There is pathologie evidence that cholecystitis in the child may be incidental 
to serious illness—peritonitis, meningitis, pneumonia, and so on. Most of this 
was revealed at necropsy; the biliary tract disease did not cause the mortality. 
However, clinically, this possibility should be kept in mind as it may contribute 
to the cause of death. 

Also, pediatricians and general practitioners intent on considerations of 
hepatitis, jaundice, and the differential diagnosis of abdominal disease should 
consider the possibility of cholecystitis and cholelithiasis. Our own case, as 
well as others complicated by jaundice and misdiagnosed as ‘‘eatarrhal jaun- 
dice,’’ suggests that perhaps choleeystography should be done during some phase 
of the illness, in cases diagnosed as hepatitis. Gall bladder disease in the child 
is a more acute inflammatory condition than that which we ordinarily encounter 
in the adult. In the child there is a far greater incidence of obstructive jaun- 
dice without presence of caleulus in the common duct. This may be related to 
the more acute process adjacent to the common duct; or perhaps, in some 
instances, common duct stones occur but are passed more readily in the child. 

Physicians should remember that jaundice of hepatocellular origin is the 
more common and more important disease. Ill-advised surgery in this condition 
may lead to an increased mortality. 


SUMMARY 


1. The problem of cholecystitis in childhood is defined from the point of 
view of incidence and differential diagnosis. The significance of jaundice in 
these cases is emphasized. 

2. The literature on the subject is brought up to date and critically 
analyzed. Case reports from 1938 to 1948 are listed. 

3. The experience of 21 contemporary authorities is recounted. 

4. Brief remarks are presented on pathology, etiology, clinical picture, 
diagnosis, and treatment of cholecystitis in childhood. 

5. Cholecystitis in childhood is contrasted with the adult disease. 
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